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1. Purpose.—The purpose of this manual is to acquaint per- 
sonnel of the Ordnance Department with the characteristics and 
hazards of explosives and ammunition, and to prescribe rules 
and regulations, the application of which will reduce the hazards 
involved in manufacturing, processing, storing, and otherwise 
handling explosives and ammunition at ordnance establishments. 

2. Scope.—a. This manual gives general and specific informa- 
tion regarding explosives and ammunition in the stages of manu- 
facture, and under the conditions in which they may exist at 
ordnance establishments, and prescribes safe methods and prac- 
tices pertaining thereto. Safety requirements which are out- 
lined herein are the minimum compatible with proper safe- 
guarding of personnel and property. These requirements apply 
only to establishments under the control of the Chief of 
Ordnance. 

b. Regulations pertaining to the storing, handling, shipping, 
and maintaining of explosives and ammunition at posts, camps, 
and stations are set forth in appropriate field and technical 
manuals. 

c. The mandatory requirements of this manual are those in 
which the terms “will,” or “must” are used. All mandatory 
provisions will be complied with unless the Chief of Ordnance 
grants specific authority to the contrary. The advisory pro- 
visions are those in which “may” or “should” are used. All 
advisory provisions will be complied with unless exceptions are 
authorized by the commanding officer of the establishment. 

3. General definitions.—a. Ordnance establishment.—An es- 
tablishment under the direct control of the Chief of Ordnance. 

b. Explosives.—Chemical compounds, mechanical] mixtures, or 
ammunition commonly used or intended for producing an ex- 
plosive effect. 
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c. Hazardous materials.—Explosives, propellants, inflamma- 
ble substances, and toxic substances. 

d. Inflammable substances.—Inflammable liquids are those 
which give off inflammable vapors at or below a temperature of 
§0° F. Inflammable solids are those (other than explosives) 
which under conditions incident to handling, storage, or trans- 
portation are likely to cause fires. 

e. Ammunition —All ammunition or loaded ammunition com- 
ponents of the types issued to troops, including pyrotechnic 
signals, saluting charges, and other similar materials. 

f. Chemical ammunition.—The term “chemical ammunition” 
as used herein applies to all chemical ammunition except that 
used exclusively by Chemical Warfare troops. 

g. Magazine.—Any structure used for the storage of explosives 
or ammunition. Magazines such as the older types of ammuni- 
tion magazines, explosives magazines, and primer and fuze 
magazines are designated “above ground” magazines, as dis- 
tinguished from the newer igloo type magazines. 

h. Haplosive area.—Any area in which explosives or ammuni- 
tion are manufactured, stored, processed, or otherwise handled. 

4. Magazine area.—An area specifically designated and set 
aside for the storage of explosives or ammunition. 

j. Operating building.—Any structure, except a magazine, in 
which operations pertaining to manufacturing, processing, pack- 
ing, or shipping, explosives or ammunition are performed. 

k. Auwiliary building—Any nonoperating building serving 
operating buildings, lines, or plants. Examples of auxiliary 
building are power plants, service magazines, and change houses. 

l. Service magazine.—Any magazine used for the storage of a 
limited supply of explosives, ammunition, or ammunition com- 
ponents in an operating building or line. 

m. Line—A succession of operating and auxiliary buildings 
used for the production of one group of ammunition or explosives. 

n. Group.—A group is a class of ammunition or components 
which from a loading consideration are sufficiently similar to 
use facility requirements interchangeably. 

o. Plant.—One or more lines together with the necessary 
utilities and buildings for shops, storage, administration, and 
other activities. 

p. Surveillance—The observation, inspection, investigation, 
and test of ammunition and explosives for determining condition. 
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q. Maintenence.—The maintaining of stocks on hand in serv- 
iceable condition and ready for immediate issue and use. 

r. Reconditioning.—Current maintenance operations such as 
removing rust, repainting, remarking, repairing, and repacking. 

8. Renovation.—Those maintenance operations necessary to 
restore to a serviceable condition that which has deteriorated 
and which cannot be made serviceable by reconditioning. 

4. Data used.—Among the data and sources of information 
considered in the preparation of this manual are the following: 

a. The American Table of Distances. 

b. State laws pertaining to explosives and ammunition. 

c. House Document 199, Seventieth Congress. 

d. War Department Bulletin No. 27, 1928. 

e. Pamphlets and regulations of the Bureau of Explosives of 
the American Railway Association. 

f. Interstate Commerce Commission regulations. 

g. Sympathetic detonation tests of high explosives shell, Tech- 
nical Staff Test Program 1922-120, 

h. Reports of fires and explosions involving explosives and am- 
munition on file in the Office of the Chief of Ordnance. 

4. Accepted codes and standards. 


Sreorton II 


GENERAL SAFETY REGULATIONS 


Paragraph 
General 2266286222 c0 562 oe hose se cece cee ee ecteeece 
Responsibilities for safety-_-._...--_~---___--_-----~-~---____- 6 
General safety regulations._.._._______-_-- ek q 
Safety rules for foremen__._._-__.._----_-----_--__-------_- 8 
Safety signs and placards_______________.-__- ed Dea me 9 
Befety (00s oe..6 5 hee ee eee cae eee Gewese 10 
Bpecial Clothing sien eee eee eee eee 11 
MIPSC Ridwsccc ese ce cecees teehee ease ee he eee eee ee 12 
Sanitation. .22.uctecc see est ees Cae eedenseawee Ss 13 
Industrial health hazards_...._._--__~~---------~-__--.-__.. 14 
GUAIGS 2 2252525255 oes ee ote eases ae sacn se ocee sees 15 
Special guard regulations for explosives storage.—..-..-...~.~.~- 16 
Airspace reservations and restricted areas.--....._--.....-____ 17 


5. General.—a. These regulations are general in nature. 
Contingencies not covered will require the exercise of discretion 
and judgment in complying with the requirements of this 
manual. 

b. Existing establishments at which magazines, loading build- 
ings or other facilities and installations do not comply with safety 
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regulations published after their construction, may be exempted 
from the new requirements of this manual if such action is spe- 
cifically authorized by the Chief of Ordnance. However, further 
modifications or alterations to such installations will comply 
with the latest safety requirements. 

6. Responsibilities for safety.—a. The Chief of Ordnance ex- 
ercises general supervision over the safety of ordnance establish- 
ments. He prescribes general and certain special safety regula- 
tions to be applied in manufacturing, loading, storing, handling, 
shipping, and maintaining explosives and ammunition. 

b. The commanding officer of an ordnance establishment is 
solely responsible to the Chief of Ordnance for the safety of 
his establishment. He will enforce the mandatory provisions of 
this manual and will be guided by the advisory provisions. He 
will prescribe and enforce such additional safety regulations as 
may be necessary to meet local conditions not covered by these 
regulations. He will make a specific written report of any 
mandatory requirement in these regulations which he may con- 
sider impossible of application at his establishment. When, in 
his opinion, conditions of storage are such that a single fire or 
explosion endangers large quantities of explosives or ammuni- 
tion by progressive action from magazine to magazine, a report 
with recommendations for corrective action will be made to the 
Chief of Ordnance. Refer to paragraph 24d (2) (d). 

c. At each establishment, a safety officer will be appointed by 
the commanding officer. The safety officer should be the super- 
visor of safety at the establishment, and is responsible to the 
commanding officer for the enforcement of all safety regulations 
and standards, but has no authority to waive or alter any of the 
provisions of this manual. In establishments where there is a 
need for professional safety services because of size or nature of 
operations, a safety engineer will be employed. 

d. A fire marshall will be appointed by the commanding officer 
at all ordnance establishments. He should be responsible for the 
proper functioning of the fire-fighting organization of the estab- 
lishment. He should conduct inspections to insure that all fire- 
fighting equipment is in proper condition, and that the fire-fight- 
ing organization functions properly. Under the commanding 
officer he normally should be the head of the fire-fighting 
organization. 

e. Trained employees who have positions of authority and re- 
sponsibility should be held responsible not only for the specific 
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duties of their position but also for the enforcement of regula- 
tions and for vigilance in detecting any dangerous conditions or 
practices within their purview and for reporting same to their 
immediate superiors. 

7% General safety regulations. —@. The following general 
_gafety regulations will be enforced at all ordnance establish- 
ments : 

(1) Aisles and ewits—During operating hours, aisles and 
safety exits will not be blocked, and doors must not be fastened 
with any locks other than antipanic catches, or other quick- 
acting fastening devices. 

(2) Authorized entry.—(a) No unauthorized person will be 
permitted to enter or remain in any magazine or explosive area. 

(b) Employees will be allowed in explosives buildings only at 
such times as required by their duties. They will be required to 
enter and leave the explosives area at designated points. 

_ (8) Clothing—Clothing not worn during working hours will 
be placed in designated locations only. 

(4) Electrical storms.—Work on hazardous materials will be 
suspended during electrical storms, and the employees concerned 
will withdraw to designated buildings, except that personnel 
engaged in operations with explosives must remain at their sta- 
tions until the material and equipment on which they are work- 
ing may be left in a safe condition. 

(5) Hlectrical equipment.—Employees will not make changes 
in, or tamper with electrical equipment. All repairs and changes 
will be made by the persons authorized to do this work. 

(6) Eaplosives handling.—Explosives or hazardous materials, 
whether in containers, in bulk, or loaded into projectiles or com- 
ponents will not be handled roughly, thrown about, tumbled over 
the floor or over other containers, dragged or pushed along the 
floor. They will be handled carefully to prevent shock or fric- 
tion which may cause a fire or an explosion. 

(7) Fire dritls—All employees working in combustible build- 
ings, in hazardous locations, or buildings containing inflammables 
are required to participate in such fire drills as may be pre- 
scribed by local authorities. A siren or similar device will be 
installed at each ordnance establishment to warn all employees 
in the event of fire. 

(8) Fire-fighting apparatus.—Fire-fighting apparatus will not 
be used for purposes other than fire fighting except by order of 
the commanding officer. 
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(9) Fire prevention—aAll measures possible for the preven- 
tion and control of fires will be exercised in explosives areas 
and in areas immediately adjacent to them. The ground 
around all above-ground magazines and buildings will be kept 
as free as practicable from leaves, long grass, brush, debris, or 
anything which may increase fire hazards. 

(10) Fire protection.—Explosives areas will be protected by 
adequate fire-fighting facilities and trained personnel. 

(11) First-aid kits.—First-aid kits will be made available at 
all locations, where explosives are manufactured, loaded, stored, 
shipped, or handled. 

(12) First-aid treatment.—First-aid treatment will be applied 
in all cases of injury no matter how slight. 

(13) Firbidden objects.—Employees who are required to wear 
special clothing must not carry keys, coins, knives, or any other 
foreign object of any kind during the time they are in operating 
buildings. 

(14) Guards.—Explosives areas will be guarded adequately 
at all times. 

(15) Housekeeping.—All buildings and magazines in which 
there are explosives or ammunition will be kept clean. Waste 
paper, oil rags, or other inflammable waste materials will be 
placed in receptacles outside the buildings. 

(16) Hunting—Hunting will not be permitted in explosives 
areas. 

(17) Injury reports.—(a) Employees will report to their im- 
mediate superiors all personal injuries however slight. 

(b) Report of injuries at ordnance establishments will be 
submitted to the Chief of Ordnance as prescribed in applicable 
safety bulletins. 

(18) Laundering.—(a) Laundering of special clothing will be 
done at the plant under the supervision of plant authorities. 

(6) Uniforms and special clothing will be laundered accord- 
ing to schedules based on the toxicity of the material in which 
they are used. 

(19) Lights.—Temporary or extension lights for use in maga- 
zines or buildings containing explosives or ammunition must be 
approved by the commanding officer and must conform with the 
requirements covered in paragraph 169e. 

(20) Locking of doors.—(a) Magazine doors and shutters will 
be locked securely when employees are not in attendance in the 
magazine or in the immediate vicinity. 
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(b) When explosives or ammunition are left overnight in 
cars or other conveyances, the doors must be locked securely, 
except in the case of railway cars which have been sealed for 
commercial transit. 

(21) Locomotives.—All locomotives, cranes, and other rail ve- 
hicles used in or near magazines or areas which contain explo- 
sives or ammunition will be of such a type or so equipped that 
they cannot set or communicate fires, 

(22) Lunches.—Lunches will be eaten only in designated 
places, preferably change houses, and must not be eaten in rooms 
where explosives are present. 

(23) Machinery—(a) Daily on beginning work employees 
must inspect the machinery under their charge. Employees will 
be responsible for the safe operation of their machines. 

(0) If machinery or equipment is out of order, gives indi- 
cations of improper operation, or if foreign substances are ob- 
served in process machinery, work must be stopped on the 
equipment in question until the cause of the condition or hazard 
has been removed. 

(24) Machinery testing—After repairs have been made to 
machinery or equipment it must be tested thoroughly and all 
safety appliances replaced before operations are resumed. 

(25) Matches.—No person will be allowed to take matches, 
lighters, or other fire, flame, or spark-producing devices into any 
magazine area or explosives area except by written authority 
of the commanding officer. 

(26) Mechanical guards.—Mechanical guards, railings, lad- 
ders, or safety appliances of any other kind will not be removed 
by employees except for repairs or cleaning. Machines will not 
be used until such safety equipment has been replaced. 

(27) New employees.—New employees will be impressed with 
the fact that their safety as well as that of others depends on 
the intelligence and care exercised by themselves and their 
fellow workers. | 

(28) Operations in storage buildings.—No operations in which 
hazardous materials are involved will be permitted in any 
storage building except those operations incident to storage. 
This requirement does not prohibit stencilling containers, or 
restencilling them in magazines or platforms. No open con- 
tainers of inflammable liquids for stencilling, or any other pur- 
pose will be permitted in or around magazines. 
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(29) Personnel.—All applicants for employment must be given 
mental and physical examinations. The commanding officer will 
be responsible for the character of the personnel employed. 
Care will be taken that no mentally unsound persons are en- 
gaged, and that all nondisqualifying physical defects are entered 
in the record of physical examination. 

(30) Posting.—All areas in which explosives and ammunition 
are stored will be posted to show that explosives are stored 
therein and to prohibit trespassing, hunting, and smoking. 
These signs will not be attached directly to a magazine or 
posted so that a rifle bullet fired at them may penetrate a maga- 
zine. Signs of standard size and color should be used, for 
which specifications and drawings will be furnished by the 
Chief of Ordnance. 

(31) Protective equipment.—(a) Appropriate protective equip- 
ment will be made available to all personnel whose duties re- 
quire its use, and its proper use will be required. 

(b) Approved goggles, safety shields, or safety spectacles must 
be worn when employees perform any work in which there is 
danger of eye injury. 

_ (82) Placards.—(a) Placard orders limiting the number of 
men and the amount of explosives, or ammunition in operating 
buildings or service magazines will be posted in all cases. 

(b) The foreman or other specially designated persons will be 
responsible that explosives limits and personnel limits appear 
ing on placard orders are not exceeded. 

(c) Operations will be stopped in any room or building when 
for any reason the number of persons authorized by placard 
orders is exceeded. 

(33) Power.—When a continuous supply of power is required 
to prevent the possibility of fires and explosions in any explo- 
sives operations, an alternate supply of power will be provided. 
for such critical operations. 

(34) Railways.—Railroad lines serving explosives storage or 
operating areas should provide for two-way exit by rail, of all 
cars containing explosives or inflammable materials. 

(35) Railroad crossing.—Prominent crossing signs must be 
displayed on each side of all railroad crossings. Opening be- 
tween the rails must be graded at crossings. 

(36) Repairs.—(a) Repairs to buildings or equipment must be 
made by authorized and competent artisan. Surroundings must 
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be inspected for traces of explosives remaining in concealed 
cracks or under flooring or fittings, before and after repairs to 
explosives operating buildings are completed. 

(0) Repairs, construction work or experiments should not be 
undertaken in an area until the foreman concerned has been 
notified. 

(37) Roads.—Road system serving magazines, or explosives 
operating buildings should be so arranged that trucks carrying 
explosives will not be isolated on dead end roads in case of fire 
or explosion. 

(38) Safety equipment.—Employees must not enter buildings 
or tanks in which there is an excess of acid fumes or vapors 
unless they wear suitable protective equipment and have at- 
tached to them lifelines controlled by another employee outside 
the tank or building. 

(39) Safety shoes—(a) Explosives operator’s safety shoes will 
be worn in all explosives areas when required by this manual. 

(b) Before an employee enters any magazine or building in 
which explosives are stored or processed, shoes will be cleaned 
carefully of all mud, grit or other foreign material. 

(40) Sanitation.—Change rooms, lockers, drinking fountains, 
washrooms and toilet facilities will be provided in sufficient 
quantities to provide safe and healthful working conditions. 

(41) Searches.—¥Frequent searches will be made for forbidden 
articles. These searches should include all personal property. 

(42) Smoking.—(a) Smoking will be prohibited in buildings 
or in the vicinity of buildings containing explosives, ammunition, 
or other hazardous material. Smoking areas will be designated 
and strictly regulated by the commanding officer. 

(6) Smoking in clothing which has been contaminated by ex- 
plosives is prohibited. 

(c) Areas designated by the commanding officer for smoking 
will be furnished with electric lighters only. Matches and port- 
able lighters will be prohibited. 

(43) Static—In all explosives operations provisions will be 
made, insofar as practicable, for neutralizing, eliminating or 
grounding charges of static electricity. 

(44) T’ools.—(a) Safety tools will be used in explosives areas 
when required by this manual. 

(0) Tools used in repair work in buildings containing ex- 
plosives or used in explosives operations must be checked in 
before beginning work and checked out at its completion. 
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(45) Training—(a) Employees will be trained under the 
direct supervision of foremen or experienced workmen until 
they are competent to perform safely the work assigned to 
them. The location and use of first-aid kits, fire-fighting 
apparatus, and exits from buildings and areas will be carefully 
explained. 

(b) All employees will be supplied with extracts of the 
important regulations and essential rules concerning the sta- 
tion, preferably arranged in the form of a small booklet, ‘These 
regulations should include not only general regulations but 
specific regulations which apply to the particular establishment. 

(c) Guards, electricians, carpenters, and others who are not 
regularly employed in handling explosives and ammunition but 
who may occasionally come in contact with such materials will 
have the dangers and the possible causes of fires and explosions 
carefully explained to them. 

(46) Transportation—(a) The carrying of hazardous ma- 
terials on locomotives, or on other vehicles not authorized by 
the commanding officer, is prohibited. 

(0) Before any railway car containing explosives or ammu- 
nition is moved the car doors will be closed. 

(c) If, during emergencies it is necessary for locomotives 
which do not comply with the provisions of paragraph 7a (21) 
to pass buildings in which explosives or ammunition are stored, 
or in which explosives operations are in progress, the doors, 
windows, and other openings of the building on the sides adja- 
cent to the track’ will be closed while such locomotives are 
passing. ; 

(ad) Locomotives must not remain in front of buildings con- 
taining explosives or hazardous materials for a greater time than 
is necessary to spot cars for loading or unloading purposes. 

(e) Trucks used in the transportation of hazardous ma- 
terials or explosives must be kept in good operating condition. 
The proper maintenance and inspection of such vehicles will 
be prescribed by the commanding officer. 

(f) Trucks or other vehicles loaded with hazardous ma- 
terials must not stop at any point where a fire may be burning, 
including blacksmith shop, forge, welding plant, burning ground, 
or locomotive. A truck so loaded will not be left unguarded. 

(47) Unsafe conditions —(a) Any and all unsafe conditions in 
or around magazines or manufacturing buildings or explosives 
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areas will be immediately corrected if possible or promptly 
reported by employees to their immediate superior. 

(0) In extra hazardous loading or handling operations, one 
man will not be permitted to work alone, or in a location where 
assistance from a fellow employee cannot be given immediately 
in the event of an accident. 

8. Safety rules for foremen.—a. The word “foreman” in this 
manual is used to indicate any person who is in a supervisory 
capacity. 

(1) The foreman has no authority to waive or to alter safety 
regulations, or to permit their violation by others. 

(2) All foremen will familiarize themselves with the provi- 
Sions of this material. | 

(3) The foreman should explain and invite the attention of 
all employees under his immediate supervision to standard 
safety regulations, stress the necessity of all employees living 
up to the spirit, as well as the letter, of safety regulations for 
their own sake as well as for the sake of others. He should 
explain as far as possible the character of the explosives, the 
_ precautions to be followed, and the hazards due to fire and ex- 
plosions if safety requirements are not carried out. 

(4) He should supervise the instruction and training of em- 
ployees, either directly or through experienced operators, until 
he is satisfied that the employees can work alone. This instruc- 
tion should include the means of exit from buildings and areas, 
the location of shelters and bombproofs, first-aid kits, fire-fight- 
ing apparatus, showers, plunges, neutralizing solutions, and the 
methods of operating the same. 

(5) He should report to his immediate superior cases of all 
employees who, in his opinion, are not fitted for the work to 
which they have been assigned. 

(6) He should satisfy himself as to the identity of any per- 
sons entering or approaching the buildlings, and their authority 
to enter or remain in a building or area in his charge. He has 
the authority, and should exercise the right to eject any person 
whose presence or actions are prejudicial to safety. | 

(7) He should be responsible for the enforcement of placard 
orders. When the total number of persons, including operators, 
foremen, truckmen, inspectors, repair men, visitors, and Gov- 
ernment representatives, exceeds the number permitted in the 
room, it is the duty of the foreman to cease operations and 
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invite the attention of the people not regularly employed in 
the building to the excess number. 

If the notice is not effective in reducing the number of persons 
in the room or building to the number permitted, he should with- 
draw his crew, until they may return to work in accordance with 
the safety regulations. 

(8) When the amount of explosives in a room or building ex- 
ceeds the amount permitted, the foreman should have the amount 
in excess removed, or cease operations sans the time the ex- 
cess remains in the building. 

(9) He should require permissible tools, not in use, to be 
in place on a tool board or holder. In case of the loss of tools 
in manufacturing process rooms or buildings, operations must 
be stopped until he is satisfied that the lost tool cannot become 
the source of additional hazard. Also he should see that the 
regulations regarding safety uniforms and safety shoes are 
observed. 

(10) The foreman of each shift or crew should be responsible 
for the cleanliness of the building. He should maintain all 
safeguards, prevent the blocking of safety exits and aisles and 
enforce all safety regulations applying to the employees under 
his supervision. 

(11) He should not permit major repairs or changes in any 
building, machinery or equipment in buildings containing haz- 
ardous materials, except in accordance with specific instructions 
of the commanding officer. He should enforce the safety stand- 
ards in bulldings under repair in his area, although the repair 
force may not be under his orders. 

(12) At the close of work he should satisfy himself before 
leaving, that all conditions in his room, building, or area with 
regard to a shutdown, comply with orders. When not re- 
lieved by a shift, he should see that windows and doors are 
closed and locked, and that any master power or light 
switches outside of the building are opened. When his shift 
is being relieved by an incoming shift, he should make a com- 
plete report to his relief of any equipment requiring immediate 
attention. 

(13) He should inspect and maintain, or cause to be main- 
tained, stocks of goggles, gloves, gauntlets, gas masks, aprons, 
helmets, safety uniforms, safety shoes, and such other safety 
implements, accessories, and appliances as are required on the 
work with which he is charged. 
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(14) He should bring to the attention of his immediate 
superior all places where railings, footboards, lights, guards, 
hoods, automatic stops, or safety appliances are required; also 
all places at which sprays, showers, plunges, shelters, or bomb- 
proofs are desirable. 

(15) He should report to his immediate superior all cases, 
where, in his opinion, the employees lack sufficient room for the 
performance of their duties or where sufficient ventilation, heat, 
light, or other necessities are not being supplied. 

(16) He should forward to his immediate superior all re- 
quests, suggestions, and complaints made to him, together with 
such comments as he may have, with regard to safety standards. 
These should be in writing and should be a part of the safety 
records of the plant. 

9. Safety signs and placards.—a. All operating rooms con- 
taining explosives will have posted in a conspicuous place a plac- 
ard order stating the maximum amount of explosives, and the 
maximum number of persons permitted in the room at any one 
time. In addition, such other placards as may be needed to set 
forth important local regulations should be provided. 

10. Safety tools.—Safety tools are tools constructed of wood 
and other nonsparking substances, or of bronze, lead, beryllium 
alloys, or other metals having low sparking characteristics, and 
which, under normal conditions of use, will not produce sparks. 

11. Special clothing.—a. When manufacturing or handling 
some hazardous materials, special clothing is required. Safety 
uniforms and special clothing will be worn as prescribed by the 
commanding officer. The suits for men and women must have 
no metal buttons. ‘They should have no pockets except skeleton 
pockets. Woolen clothing is recommended for men engaged 
in handling acids. When safety uniforms are required, a com- 

_plete change of clothing is recommended. Street clothes should 
not be worn at work, and the clothes which are worn at work 
should not be taken from the plant unless they are in safe 
condition. 

b. The design of clothes should be made to fit requirements. 
In the handling of some materials used in the manufacture of 
explosives, the slight friction caused by clothes which fit tightly 
at the waistband, belt, or around the neck is sufficient to cause 
irritation and possible poisoning of the employee. 
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c. Employees who are required to wear safety uniforms must 
not carry keys, coins, knives, or metal of any kind during the 
time they are in operating buildings. 

d. Special conditions require special footgear. No general type 
of footgear can be used universally. Where there is fine ex- 
plosives dust, as in a smokeless powder blender or black powder 
loading plant, and where there is danger of igniting explosives 
vapors by static electricity, as in the graining room of a smoke- 
less powder factory, personnel must not be insulated from the 
floor. Hence, footgear with insulating soles is forbidden. They 
must contain no exposed metal or metal which may become ex- 
posed through wear. Footgear with composition soles meeting 
the general requirements stated above may be worn when ap- 
proved by the commanding officer. 

12. First aid.—a. First-aid kits will be installed in all parts 
of the plant in which persons are regularly employed and 
which in the opinion of the surgeon are too remotely located for 
the prompt and efficient rendering of first-aid treatment by hos- 
pital or dispensary personnel. Workers not regularly assigned 
toa specific locations, such as magazine area personnel, will be 
provided with portable first-aid kits under such rules and regu- 
lations as may be prescribed by the surgeon. 

b. In addition to first-aid kits, the need for stretchers, blankets, 
safety showers, gas masks, and mine rescue units should be de- 
termined by the surgeon and such equipment as is necessary 
should be regularly kept in convenient locations known to the 
personnel concerned. 

. ¢@ The surgeon will make or cause to be made such inspec- 

tions as may be necessary to insure that all first-aid kits, 
blankets, and stretchers, and other items of first-aid equipment 
are maintained in good condition. 

d. For every 50 persons or less at work in plants manufactur- 
ing or using hazardous materials, there should be present at all 
times at least 2 persons who are competent to apply first-aid 
remedies and who are trained in methods of resuscitation. Usu- 
ally, arrangements may be made locally for proper first-aid 
training of selected employees. These arrangements should be 
made either directly with American Red Cross Association offi- 
cials, or through the office of the post surgeon, at the discretion 
of the commanding officer. 
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e. Victims of attacks of cramps, coughing spells, nausea, or 
sickness due to exposure to acid fumes, vapors, or asphyxiating 
gases must be treated immediately by a physician. Responsi- 
bility for compliance with this rule lies with the foreman. 

13. Sanitation.—a. The lack of sanitation in any establish- 
ment affects the alertness of workers. Accidents frequently 
have been traced to unsatisfactory conditions and to unwhole- 
some and unhygienic practices. Observation of certain standards 
tends to eliminate accidents, discomforts, and industrial 
poisoning. ; 

b. A sufficient number of adequate change rooms should be 
provided in all areas where changes of clothing are required. 

c. Distribution of sanitary fixtures depends on local condi- 
tions. Shower baths, wash basins, and toilets, should be pro- 
vided as required. The plant should have an efficient sewer 
and waste disposal system to which all sanitary fixtures and 
appliances are connected. 

d. Drinking fountains in selected locations should be provided 
as required. These fountains must comply with modern sani- 
tary standards. 

é€. Dispensers or other means for supplying salt tablets should 
be provided near drinking fountains serving locations in which 
the nature of operations might result in heat exhaustion. 

f. Industrial wastes will not be disposed of through sanitary 
sewers, septic tanks, or sanitary filter beds. Waste water from 
laundries where explosives operators’ clothing is washed or other 
waste water containing explosives will be disposed of separately ; 
and settling tanks or pits will be provided in all cases in which 
the quantities of explosives in the waste water may constitute 
a hazard from settling or by contaminating soil or water. 

14. Industrial health hazards.—A great many manufactur- 
ing operations involving the handling of industrial solvents or 
certain toxic explosives present serious hazards to the health 
of operators. Examples are the toxic effect of fumes from such 
materials as carbontetrachloride, molten TNT, and the allegric 
effect of these or similar materials upon certain people. The 
presence of industrial health hazards should be determined by 
safety engineers working in cooperation with appropriate medi- 
cal authorities—the post surgeon, if available. First-aid sta- 
tions will render first-aid treatment. Any required subsequent 
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treatment is covered by regulations of the Compensation 
Commission. | 

15. Guards.—a. As guards at ordnance establishments may 
consist of military personnel, civilians, or both, and as there 
are other local conditions affecting guard protection, not com- 
mon to all establishments, the general subject “Guard protection 
for Ordnance Establishments” is covered by Army Regulations 
and administrative orders of the Chief of Ordnance. 

b. Since there are certain special safety precautions which 
must be observed in guarding stores of explosives and ammuni- 
tion, it is the purpose of this section to set forth special safety 
regulations which will be strictly enforced and obeyed in guard- 
ing stores of explosives and ammunition at ordnance estab- 
lishments. 

16. Special guard regulations for explosives storage.—a. 
Magazines and areas in which there are explosives and ammuni- 
tion will be guarded adequately at all times. If employees 
‘working in a magazine or magazine area are utilized for this 
purpose their responsibilities relative to guard duty must be 
clearly defined. 

b. Guards and others in charge of explosives and ammunition 
will be thoroughly instructed in the hazards due to fire and ex- 
plosions and the safety precautions to be taken. 

c. In making inspections, special attention will be paid to 
guards assigned to protect stores of explosives and ammunition 
to insure that they thoroughly understand their duties and are 
performing them properly. 

d. Guards wiil make a prompt report to the commanding 
officer or his duly authorized representative of the following: 

(1) Any unusual occurrence in or near a magazine area. 

(2) Grass or forest fires in areas adjacent to the magazine 
area. 

(3) Dangerous practices of employees working in magazines 
or explosives areas, such as smoking, unauthorized use of fire 
equipment, and tampering with ammunition or electrical equip- 
ment. 

(4) Unlocked magazine doors and shutters, defective tele- 
phone and electric wires, and openings in the fences surrounding 
the magazines. 

e. Hunters either inside or outside a magazine area who are 
found using firearms in a manner which may endanger military 
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stores will be reported to the commanding officer, who will take 
such action as is necessary to punish the offenders. 

f. Except in special cases guards protecting explosives or 
ammunition will not be armed with rifles. A bullet penetrating 
a magazine wall may cause a serious fire or explosion. 

g. All entrances to magazine areas protected by nonclimbable 
fences will be locked securely unless guards are stationed there. 
Special precautions will be taken to guard areas which are not 
protected by a suitable fence. | 

h. In case of fire, alarms will be given with the greatest pos- 
sible speed so that action may start instantly. Serious fires and 
explosions have been avoided by prompt action of the fire-fighting 
forces. After giving the alarm, guards will exert every effort to 
hold the fire under control until the fire-fighting forces arrive, 
except that if a fire occurs in a closed magazine, they will not 
attempt to enter the magazine. 

4. Trespassers who are observed within a magazine or explo- 
sives area will be apprehended, and turned over to the com- 
manding officer. 

17. Airspace reservations, reserved areas and restricted 
areas.—The designation at ordnance establishments of airspace 
reservations, reserved areas, and restricted areas are included 
in applicable Army regulations. Such additional general in- 
structions concerning these areas as may be necessary will be 
published in the form of ordnance safety bulletins, 


Srecrion III 


FIRE PROTECTION 


Paragraph 
GOGH CTA goats oe See eee eis eee ee se ee 18 
Causes of fires__.__-....----~-_- laa ie ae 19 
Special fire-prevention rule SS a A ee Pee IO RE ee a OO 20 
Fire-fighting facilities._.tt_i.t....-._.-_- ~~~ 21 
Hire fighting .< 2.2.2.5 23342 ee sosce est eee oer sarcus sees 22 


18. General.—a. Many of the fires involving explosives and 
ammunition are preventable, for the causes have been well es- 
tablished and can therefore be anticipated and controlled or 
eliminated. It is the duty of all concerned in the handling of ex- 
plosives and ammunition to study the causes of fires and thor- 
oughly inform themselves of the safety precautions that must be 
taken to prevent them, 
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b. As firefighting facilities, organizations, and methods vary 
quite widely at the various ordnance establishments and are 
affected by local conditions, the general subject “Fire Prevention 
and Fire Fighting” is covered by Army Regulations, and admin- 
istrative orders of the Chief of Ordnance. 

c. Many of the general safety regulations are primarily for 
the prevention of fires. In addition thereto, certain special fire- 

t preventive regulations are necessary and are contained in this 
section, being preceded by a brief discussion of the causes of fires, 
the purpose of which is to explain and emphasize the importance 
of all safety and fire-prevention measures set forth in this 
manual. 

d. This section also contains regulations and advice as to 
fire-fighting facilities, organizations, and methods insofar as 
these differ from those ordinarily employed when stores of ex- 
plosives and ammunition are not involved. 

19. Causes of fires.—a. Fires in magazines and magazine 
areas in which explosives and ammunition are stored may result 
from several causes, of which the following are the most 
common : 

(1) Dry grass, leaves, and underbrush.—These may be ignited 
by sparks from locomotives, by smoking, or the careless use of 
matches and camp fires. Such fires often originate in areas adja- 
cent to military establishments not under the direct control of 
the commanding officer. If they are not detected and controlled, 
they may spread quickly and become uncontrollable. 

(2) Deteriorated explosives and ammunition.—Explosives and 
ammunition deteriorate in storage. Normally, this deterioration 
occurs at such a slow rate that most explosives and ammunition 
remain servicable for many years. However, under unfavorable 
storage conditions where the ammunition is subjected to abnor- 
mally high temperatures (above 80° F.) or exposed to moisture 
for a prolonged period, the rate of deterioration is greatly accel- 
erated. Practically all explosives and ammunition give off heat 
as they deteriorate but where the rate of deterioration is slow 
the heat thus generated is dissipated by conduction or radia- 
tion and no noticeable rise in temperature takes place, but, when 
deterioration becomes rapid, heat may be generated so fast that 
it cannot be thus dissipated and the temperature rises. This 
accelerates the deterioration still more until finally the tempera- 
ture may become high enough to cause the explosive or ammu- 
nition to burst into flame and in certain cases where the explosive 
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or ammunition is confined an explosion or detonation may 
result. 

(3) Repacking, renovation, and salwage operations not prop- 
erly supervised and conducted in accordance with recognized 
safety standards.—The most common sources of trouble are ex- 
cessive quantities of powder and loose explosives; accumula- 
tion of waste paper, broken boxes, etc. ; and failure to properly 
provide the barricades and fire breaks necessary to prevent the 
spread of fire from one operation to another. 

(4) Carelessness or violation of regulations——Untrained em- 
ployees or other persons may cause fires by smoking, or striking 
matches in forbidden areas and buildings, or by tampering with 
explosives or ammunition, particularly grenades, fuzes, ete. 

(5) Failure to observe safety precautions.—Failure to under- 
stand and observe carefully the safety precautions prescribed by 
these regulations for destroying explosives and ammunition. 
The most frequent sources of trouble are flying fragments which 
cause grass fires or explode piles of explosives and ammunition 
awaiting destruction. 

(6) Sparks.—These may be caused by striking iron or steel 
nails or metal containers with iron or steel tools, or by nails 
in shoes striking flint, pebbles, sand grains, or nails in the floor. 
Such sparks, small as they are, have caused disastrous explo- 
sions of black powder or the dust of other explosives which ig- 
nite easily. They are the basis for requirements in this manual 
for non-sparking tools, and safety shoes. 

(7) Static electricity.—A considerable charge of electricity may 
accumulate on smokeless powder and upon the body of an opera- 
tor during the handling operations. When a person so charged 
approaches powder or explosives, a spark may jump between him 
and the powder or explosives and ignite them. Machine belts 
also frequently produce static electricity, especially if the drive 
is short and the belt crossed. When possible, the scoop shovels, 
and other tools, used in handling smokeless powder should be 
attached to a ground wire. This prevents any accumulation of 
static electricity upon the body of an operator, and it also 
grounds to a large extent the electricity produced in the move- 
ment of the powder grains. Static generated by moving belts 
may be eliminated by the use of conductive rubber belts, or it can 
be collected and grounded without sparking, by means of a col- 
lector constructed of a brass or copper bar or pipe to which is 
soldered a piece of fine copper or brass wire screen 2 to 6 inches 
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in width and approximately the length of the bar. The outside 
edge of the wire screen of the collector is located near the 
moving belt and the bar is suitably grounded. <A person generat- 
ing static electricity upon his body during handling operations 
in a building containing ammunition or explosives should go 
occasionally to the door and touch a suitable ground to remove 
the charge. The efficacy of humidification for the reduction of 
static is a controversial subject. Explosions of vapor-laden 
atmospheres have occurred in locations in which relative humidi- 
ties as high as 65 percent have been artificially induced. Safety 
bulletins covering the subject of static control will be issued from 
time to time as the subject becomes clarified. 

(8) Failure to properly safeguard heating appliances, such as 
torches and furnaces used in making repairs to magazine roofs 
and magazines. 

(9) Lightning striking buildings, trees, or other objects in or 
near explosive areas. 

(10) Electric transmission lines, blown down or in contact 
‘with combustible materials. 

(11) Lack of a proper muffler, or the use of a muffler cutout, 
on gasoline-driven vehicles. 

20. Special fire-prevention rules.—a. Fire prevention is of 
the utmost importance because of the difficulties encountered 
in controlling fires involving explosives and ammunition. The 
special fire-prevention rules set forth below are minimum re- 
quirements for Ordnance establishments storing explosives and 
ammunition. They will be supplemented by such additional rules 
as the commanding officer deems necessary to secure adequate 
protection against fires at his establishment. 

(1) During the absence of the commanding officer, there will 
be present at the establishment a competent person to act for 
him in case of fire or other emergency. This person preferably 
should be a commissioned officer, but may be a warrant officer, 
noncommissioned officer, or civilian. 

(2) The duties of guards, firemen, military. personnel, and 
others will be so arranged that an adequate fire-fighting force 
is available at all times. 

(3) Fire-fighting forces will be instructed thoroughly in the 
hazards due to fire and explosion, the safety precautions to be 
taken, and the means and methods to be used in preventing 
and fighting fires. 
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(4) Fire drills and inspections will be conducted carefully to 
insure that the fire-fighting forces understand their duties and 
that fire-fighting equipment functions dependably under actual 
working conditions. Hose not tested at working pressures fre- 
quently bursts when most needed. 

(5) The duties of electricians, engineers, plumbers, and other 
workmen who are not regular members of the fire department, 
but who may be required to start fire pumps, cutout electric 
power lines, etc., will be carefully defined. 

(6) All fire-fighting equipment, especially hand fire extin- 
guishers, water barrels and buckets, and the supplies of aux- 
iliary equipment, such as gunny sacks and brooms, will be in- 
spected regularly as prescribed by the commanding officer. Any 
deficiencies reported will be corrected promptly. 

(7) Repacking, renovation, salvage, and all operations involv- 
ing the handling of explosives and ammunition, will be inspected 
regularly as prescribed by the commanding officer to see that the 
necessary fire-fighting equipment is present and in good working 
order. 

(8) When explosives and ammunition are being handled, or 
work is being done in the immediate vicinity of such stores, there 
will be present, ready for immediate use, two chemical or other 
type hand fire extinguishers. 

(9) To combat grass or forest fires in or near magazine areas, 
there will be maintained at suitable locations an adequate 
supply of gunny sacks, brooms, rakes, hoes, or other similar 
equipment. It is good practice to provide a railway tank car, 
truck, or trailer equipped with a pump and fire hose for fighting 
fires in a magazine area. This equipment will be inspected 
regularly and protected against theft or unauthorized use. 

(10) Vegetation in the form of grass, undergrowth, weeds, 
etc., which is or may become a fire hazard, will be controlled by 
mowing, plowing, cutting, or, in calm weather and under ade- 
quate safeguards, by burning. Burning will not be permitted 
‘within the 50-foot space specified in the paragraph below, and 
brush, grass, wood, etc., in piles, will not be burned within 200 
feet of a magazine. 

(11) A firebreak at least 50 feet wide and as free as prac- 
ticable from combustible material, will be maintained around 
each above-ground magazine. The earth adjacent to, and ex- 
tending over igloo magazines will not be cleared of vegetation 
other than dry debris. 
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(12) The vegetation on and along railroad tracks will be 
controlled so that they will act as firebreaks. 

(13) In addition to those specified above, firebreaks around 
the entire magazine area and at other places within the maga- 
zine area will be maintained wherever necessary. 

(14) Coal-burning locomotives used in or near magazine areas 
will be fitted with efficient spark arresters, and openings near 
the fire box will be protected and double ash pans provided so 
that sparks will not be blown out and thus cause grass fires. 

(15) Keys to gates, magazines, and other buildings, which 
fire-fighting forces may enter, will be kept readily available at 
such places as the commanding officer may designate. 

(16) Portable lights satisfying the requirements of paragraph 
169e may be used in the presence of explosives or inflammable 
vapors. 

(17) (a) Water lines should be divided into sections by cut- 
off valves in order that in the event of a breakage in one loca- 
tion, the damaged section can be cut off from the remainder of 
the system. Water mains should not be located under railroads 
or roads which are used for conveying large quantities of ex- 
plosives and ammunition, as a detonation of a large quantity 
of explosives over a water main may cause the loss of all the 
water in the system. Where pipe lines are crossed by roads or 
railroads, no cars or trucks loaded with explosives or ammuni- 
tion will be permitted to remain over the water lines longer than 
is necessary to pass from one side to the other. Lateral lines 
are not considered in this class. The latter should be provided 
with a shut-off valve not less than 50 feet from buildings. 

(b) In the layout of new operating areas in explosives manu- 
facturing, ammunition loading plants and of new renovation 
plants at depots, protective measures against the spread of fires 
or explosions will be included as follows: All fire hydrants 
should be supplied by feed lines or laterals so arranged that 
water can be supplied from either direction. Sufficient cut-offs 
will be provided to permit a supply of water to any portion 
of the plant, even though the water supply from one direction 
is broken. Particular attention will be paid to lines crossed by 
explosives-carrying roads and railroads with a view to keeping 
such crossings at a minimum and protecting them by sufficient 
cut-off valves. 

(18) Special precautions will be taken to avoid ignition of 
explosives or vapors by the exhausts of automotive vehicles. 
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The doors through which a shipment is to be passed will be 
kept closed while the engine of the vehicle is running and will 
not be opened until after the motor has been switched off or the 
vehicle has left the vicinity. 

(19) Fires of either accidental or incendiary origin in parked 
automobiles may result in trails of burning fuel which may 
spread the fire to adjacent cars or buildings. Under certain 
conditions, such fires may result in extensive damage. Parking 
within ordnance stations should be so controlled as to minimize 
these fire hazards. 

21. Fire-fighting ‘facilities.—a. A fire involving explosives 
or ammuntition may result in an intense conflagration or an 
explosion. Means for immediately attacking the first small 
blaze detected in a magazine or magazine area are vital, and 
reliance often must be placed upon hand equipment which can 
be maintained ready for immediate use. The following types 
of fire-fighting equipment may, under certain conditions, be used 
to good advantage and to supplement the regular fire-fighting 
facilities ordinarily maintained at ordance establishments. 

(1) Water barrels and buckets placed at each magazine or at 
places specified by the commanding officer. If this class of fire- 
fighting equipment is always maintained so that it can be de- 
pended upon in case of fire, it is a valuable fire protection. 
However, in the summer time, the barrels must be frequently 
refilled, and in freezing weather, brine must be used. Buckets 
deteriorate rapidly unless they are painted frequently or pro- 
tected from the weather, and sometimes they are blown about 
by wind storms if they are not fastened securely in place. Any 
devise used for this purpose must be capable of being released 
at will. 

(2) Tank cars, trucks, or trailers filled with water and so 
located that they are readily available. Such protection, how- 
ever, cannot be relied upon in freezing weather or when facil- 
ities for rapid movement to the scene of a fire are lacking. 

22. Fire fighting.—a. To combat successfully fires involving 
explosives and ammunition, it is necessary that the personnel 
understand thoroughly what a particular kind or class of explo- 
sive or ammunition will do when subjected to heat or flame. 
The sections of this manual which pertain to particular classes 
and kinds of explosives and ammunition give, in as much detail 
as possible, what the experience has been with fires in that . 
particular kind or class of material, and also the general safety 
precautions to be observed in fighting the fire. 
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b. General instructions which will be followed in combating 
any fire involving explosives and ammunition are as follows: 

(1) When any person discovers smoke coming from a maga- 
zine, or other evidence that a magazine is on fire, he will give 
the alarm as quickly as possible. He will fail in his duty if he 
attempts to go into the burning building, as there is a possibility 
that he may be trapped and cannot give the alarm. When any 
person discovers a grass fire he immediately will give the alarm. 

If the fire is small, and he is sure that he alone can extin- 
guish it, he will do so at once. 

(2) Fire-fighting forces, when they arrive, will attack a grass 
fire vigorously even when it is close to a magazine. 

(3) In case a fire has actually gained headway in a magazine, 
fire-fighting forces will be directed not to endanger themselves 
in hopeless efforts to extinguish the fire, but to devote their 
efforts to saving adjacent buildings. 

(4) To safeguard operators, work must be discontinued in 
buildings containing ammunition or explosives during thunder- 
storms. Operators are required to report to the bombproofs, 
shelters, or other locations where they will be safe in the event | 
lightning causes an explosion in a building, except that personnel 
engaged in operations with explosives must remain at their 
stations until the material and equipment on which they are 
working may be left in a safe condition. 
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23. General.—a. The general regulations governing the stor- 
, age of military supplies are set forth in AR 700-10, Storage and 
Issue. This section contains special regulations applying to the 
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storage of explosives and ammunition at ordnance establish- 
ments. Special regulations which apply to storage of explosives 
at manufacturing establishments are covered in part III. 

b. Ordnance ammunition depots and manufacturing arsenals 
which have the older type of magazines or which store only 
limited quantities of explosives and ammunition and which 
cannot comply with the regulations set forth herein, will comply 
with the spirit of the regulations and endeavor to obtain maxi- 
mum protection against fire and explosions and to limit deteriora- 
tion to a minimum. 

c. Explosives and ammunition in quantity will not be stored 
in buildings which are used for other purposes. Neither will 
they be stored at ordnance establishments in the open without 
approval from the Chief of Ordnance. 

24. Regulations for magazines and magazine areas,—d. 
All explosives and ammunition except small-arms ammunition 
should be stored preferably in arch type, earth-covered (igloo) 
magazines. Their use for such storage is required in all future 
depot construction ; and is authorized but not required for oper- 
ating storage areas in manufacturing and ammunition-loading 
establishments. (See par. 37.) 

b. In order to provide flexibility in storage, igloo magazines 
will be separated by minimum intervals of 400 feet in all future 
depot construction ; and, if unprotected by barricades at the door 
ends, they will be uniformly staggered to provide a safety dis- 
tance of 800 feet extending perpendicular to the front from the 
door of each magazine, through the interval between the nearest 
magazines of the next row, to the rear end of the nearest maga- 
zine of the second row. Their distance from inhabited buildings, 
public railways, and public highways will be based on the types 
of ammunition or explosives to be stored therein. 

c. New depot storage areas will comply with the requirements 
of paragraph 42, Special Area Distances. 

d. For storage in magazines other than igloo magazines, any 
ammunition or explosives may be stored in any suitable maga- 
zine. The suitability of a magazine for the storage of any item 
is governed principally by the following considerations: 

(1) The type and amount of material which may be stored in 
any magazine is directly dependent upon quantity-distance re- 
quirements. Magazines will not be loaded in excess of the limits 
specified in these regulations. However, it is desirable that ad- 
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vantage be taken of the maximum storage volume available in 
the magazines. 

(2) Chemical ammunition is stored preferably in magazines 
having concrete floors. The storage of such ammunition in maga- 
zines having wooden floors is prohibited. 

e. The following are requirements for magazines and magazine 
areas: 

(1) Magazines must be sufficiently remote from inhabited 
buildings, public railroads, and public highways so that the 
dangers and risks involved in storing explosives and ammuni- 
tion are confined almost wholly to the magazine area. The 
quantity-distance tables of section V are based upon the study 
of a large number of explosions, and contain complete data on 
this subject. 

(2) (a) Administration buildings, quarters, barracks, and gen- 
eral storehouses should be grouped in a safety zone outside the 
magazine area and at inhabited building distances. 

(6) In groups of igloo magazines, it is not required that bulk 
high explosives or ammunition be arranged so that like types or 
classes are together. 

(c) In groups of above-ground magazines, magazines contain- 
ing bulk explosives, magazines containing smokeless powder, 
magazines containing primers and fuzes, and magazines con- 
taining ammunition, each should form definite sections. Each 
section should be so located that due consideration is given to 
the hazards and risks involved in storing each class of material. 
These risks are: - 

1. The structural damage resulting from the explosion of high 
explosives. (See par. 37d.) 

2. The fire hazards of smokeless powder. (See par. 37a.) 

8. The missle hazard of shell and fuzes. (See par. 27c.) 

(d) 1. In arranging the storage of hazardous material in 
above-ground (not concrete igloo-type) magazines, the following 
general principles should be followed as guides for preventing the 
spread of damage throughout an entire area, in case of fire or 
explosion in one part of the area: 

a. Smokeless powder or other materials which may become 
hazardous if the buildings in which they are stored are damaged 
or demolished, or which may be ignited or exploded by burning 
or exploding missiles, should be stored at inhabited building dis- 
tances from high explosives and ammunition magazines. 
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b. Bulk high explosives or bombs should be stored so they will 
be protected from missiles which may be thrown from ammuni- 
tion magazines as a result of explosions. This principle requires 
a magazine in which bulk high explosive is stored to be at missile 
distance from a magazine in which ammunition is stored. 

c. In applying the principles set forth in subparagraphs a and 
b above, magazines laying between areas in which ammunition, 
high explosives, or smokeless powder are stored, may be used for 
the storage of such other material as will minimize the danger of 
fires or explosions progressing from area to area. 

2. It should be borne in mind that the probability that one ex- 
plosion will result in progressive damage increases in proportion 
to the extent to which these principles are relaxed. 

(3) Good roads for use by guards and fire fighters should be 
provided. Roads for traffic to and from the safety zone should 
not pass through the magazine area. 

(4) Good drainage facilities should be provided in magazine 
areas, as some explosives and ammunition deteriorate very 
rapidly in the presence of moisture. 

(5) Magazines should be constructed of materials which in the 
event of an explosion will not form dangerous missles or fire- 
brands. | 

(6) Magazines should be fireproof unless the hazard is one 
which permits the use of a frame building. All frame buildings 
should be covered with fire-resistant material, such as corrugated 
sheet asbestos. i 

(7) When wooden floors are used, the finished floor should be 
laid so as to avoid cracks and crevices where spilled explosives 
may lodge. Narrow tongued and grooved material, blind nailed, 
should be used in laying the finished floor. 

(8) Construction of a nature which might allow the accumu- 
lation of explosives dust must be avoided. 

(9) All doors to magazines must be constructed of fire- 
resistant material, and must be made to fit as tightly as 
possible to seal the opening. 

(10) Magazines usually are not wired for electric lights; but 
when electric lights are used, the installation shall conform to 
the requirements of paragraph 169e. 

f. The maximum quantities of ammunition and explosives au- 
thorized at shipping and receiving platforms, and at packing and 
shipping buildings, will be limited by the distances to the nearest 
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inhabited building, public railway, public highway, operating 
building, magazine, or other packing, shipping, or receiving build- 
ing or platform for the classes of explosives or ammunition 
concerned. Shipping and receiving platforms may be used for 
packing, crating, and stencilling operations, but will not be used 
for soldering or renovation operations. 

25. Temporary storage in shipping and receiving build- 
ings.—a. Ammunition and explosives may, subject to the follow- 
ing limitations, be stored, in accordance with the Loading and 
Storage Chart of Explosives and Other Dangerous Articles as 
contained in the Interstate Commerce Commission regulations 
for the transportation of explosives and other dangerous articles, . 
in buildings specifically designated and used as packing or 
shipping buildings. 

b. Income shipments will not be allowed to accumulate but 
must be distributed as soon as practicable after receipt. 

c. Items for outgoing shipments will not be accumulated prior 
to receipt of orders covering each specific shipment. 

d. Special rooms will be provided for the temporary storage 
of ammunition and explosives awaiting shipment, and for their 
. preparation for shipment by assembling, crating, marking, etc. 
These rooms will be separated from each other and from Offices 
and rooms in which inert operations such as the preparation of 
stencils and packing and crating materials are performed, by 
substantial dividing walls so constructed that they will act as 
fire walls. .(See par. 44.) 

e. Not more than three cars of ammunition or explosives, in- 
cluding both incoming and outgoing cars, will be permitted at 
a shipping or receiving building, and not more than three loaded 
cars will be permitted at a building used as a combined shipping 
and receiving building. In no case shall the total amount of 
explosives contain in cars and buildings combined exceed that 
authorized by the intraplant quantity-distance table for the dis- 
tance to the nearest magazine or operating building. This para- | 
graph applies only to such packing and/or receiving buildings as 
are used for material stored in accordance with the I. ©. C. 
loading chart, and not in accordance with the storage chart in 
appendix II. (See par. 45c.) 

f. These shipping and receiving buildings must also comply 
with prescribed safety distances with respect to inhabited build- 
ings, public railways, and public highways, based on the ammuni- 
tion and explosives in buildings and cars combined. 
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26. Types of magazine construction.—a. Magazines which 
may be found at ordnance establishments are designated as “ex- 
plosives magazines,” “smokeless powder magazines,” etc., but 
this designation does not limit storage as explained in para- 
graph 24, above. Following brief descriptions of each type are 
based on most recent designs. Further descriptions and details 
of magazines may be obtained from the Chief of Ordnance. 

(1) Ooncrete, arch-type, earth-covered (igloo) magazines.— 
These magazines are intended for the storage of all types of ex- 
plosives and ammunition except small-arms ammunition. They 
are 29 feet 1% inches wide and of lengths 41 feet 6 inches, 61 
feet 10 inches, and 82 feet 2 inches. They are constructed of 
concrete foundations, rear walls, front walls, and arch roof. The 
exterior of the arch ring and exterior of rear wall are covered 
with membrane waterproofing, and directly against this mem- 
brane is deposited a layer of sand; over which is an earth fill. 
The thickness of the fill is limited to 2 feet above the arch ring. 

(2) Temporary igloo magazines.—Igloo magazines fabricated 
from steel and covered with earth have been adopted for emer- 
gency use. They are constructed in various sizes by varying 
the number of sections. 

(3) Haplosives magazines.—These magazines were designed 
for the storage of bulk explosives, such as black powder, TNT, 
tetryl, and explosive D. They are 27 feet 6 inches wide and 
48 feet 4 inches long and when grouped together in a magazine 
area are usually spaced 800 feet apart. They are constructed 
with concrete foundation walls and piers, hollow-tile walls filled 
with sand, steel frame, and concrete floors covered with spark- 
proof mastic or equal topping. The double pitched roof sup- 
ported on steel purlins and trusses, is of corrugated asbestos. 
The ceiling supported by steel beams from the bottom chords 
of the trusses ig of corrugated asbestos covered with fire re- 
sistant insulation such as rock wool, or equal. There are venti- 
lators on the roof and in the foundation walls below the fioor. 
The ventilators are always well screened or baffled to prevent 
the entrance of sparks. The hollow-tile walls are filled with 
sand to stop rifle bullets. These magazines were originally de- 
signed for the storage of 250,000 pounds of explosives; but with 
ample aisle space for inspection and shipping, and piles of con- 
venient height, the amount is usually limited to approximately 
100,000 pounds. 
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(4) Smokeless powder magazines—These magazines were de- 
signed for the storage of smokeless powder in boxes or in the 
form of separate loading propelling charges. They are 37 feet 
11 inches wide and 110 feet long and when grouped together are 
usually spaced 300 feet apart. Details of construction are simi- 
lar to those outlined under explosives magazines. These maga- 
zines originally were designed for the storage of 500,000 pounds 
of powder in boxes. The amount of powder in the form of 
propelling charges which can be stored in a magazine of this 
type is usually less than this. 

(5) Primer and fuze magazines.—These magazines were de- 
signed for the storage of primers, primer detonators, adapters 
and boosters, and fuzes of all types. They are 27 feet 6 inches 
wide and 43 feet 4 inches long and when grouped together are 
usually spaced 300 to 400 feet apart. With respect to construc- 
tion details, they are similar to explosives magazines. Their ca- 
pacity is not stated in definite figures because the number of com- 
ponents that may be stored in any one magazine depends not 
only on the capacity but also takes into account the danger of 
losing all of one type of component if stored in one magazine. 

(6) Ammunition magazines.—These magazines were designed 
for the storage of fixed or separate loading shell and shrapnel. 
They are 51 feet 7 inches wide and 218 feet 8 inches long and 
when grouped together are usually spaced 300 feet part. They 
are constructed with concrete foundation walls and piers, hollow 
tile walls, steel frames, and concrete floors. Construction de- 
tails are similar to those of explosives magazines. The capacity 
of these magazines is not stated in definite figures because the 
number of shell or shrapnel that may be stored therein is regu- 
lated by the quantity-distance tables (sec. V) and by other safety 
requirements which limit the number of shell to a pile and the 
distances between piles (sec. XIV). 

(7) Warehouses.—These structures are similar to commer- 
cial warehouses. They have solid foundations of concrete, con- 
crete floors, and brick or tile walls, though other materials, such 
as sheet asbestos, also has been used. Roofs are usually of 
sheet asbestos or of the built-up type. Warehouses may be used 
for the storage of small-arms ammunition, sodium nitrate, and 
other materials which are not explosive hazards. 

27. Storage chart for explosives, ammunition, and other 
hazardous materials.—A chart showing permissible storage for 
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explosives, ammunition, and other hazardous materials is in- 
cluded in this manual in appendix II. 

28. Piling and stacking.—a. When a specific method of 
piling or stacking is not prescribed on ordnance drawings, explo- 
.Sives and ammunition will be piled or stacked in accordance 
with AR 700-10 and the following special regulations: 

(1) Explosives or ammunition in piles will be segregated by 
lot. 

(2) A ventilating space will be maintained between the bot- 
tom of the pile and the floor to protect the material in the pile 
from water and dampness. 

(3) Methods used for piling and stacking will provide for 
good ventilation to all parts of the pile. Dunnage will be used 
if necessary. 

(4) Aisles will be maintained so that units in the pile can 
be inspected, inventoried, and removed for shipment or surveil- 
lance tests. 

(5) Partly filled boxes will be marked plainly and placed in 
conspicuous places on top of the proper piles. - 

(6) Inflammable material, such as dunnage and boxes, will be 
eliminated or reduced to an absolute minimum in magazines con- 
taining class 9 and class 10 materials. 

(7) The requirements of paragraph 39 will be observed care- 
fully. 

29. Temperature control.—a. Sudden changes in tempera- 
ture may damage airtight containers, or may result in excessive 
condensation of moisture in the air. If the temperature in a 
magazine exceeds 100° F. for a period of more than 24 hours, 
the magazine will be cooled by wetting the exterior of the build- 
ing with water or by opening the doors and ventilators after 
sunset and closing them in the morning. If these methods do not 
prove effective in lowering the temperature, the commanding 
officer will decide whether the stores are to be removed to some 
other magazine, and report such cases to the Chief of Ordnance. 

b. When temperature is controlled by opening the doors after 
sunset, effective measures will be taken to protect the stores 
against fires, and provision will be made for closing the doors 
in case of rain. 

30. Lightning protection.—a. It is the policy of the Ordnance 
Department to equip all magazines with an efficient lightning pro- 
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tection system. This system is shown and described in detail 
on drawings and in specifications of the Ordnance Department. 

b. The essential parts of the installation are air terminals, 
conductors, and ground terminals. The air terminals are points 
of noncorrosive metal elevated as high above the building as pos-. 
sible. Conductors are cables or rods which connect the air 
terminals with each other and with the ground terminals. 
Grounds, or earth terminals, are usually copper plates sur- 
rounded by charcoal and buried in the ground below the water 
level of the subsoil. Sometimes charcoal cones only are used 
and in exceptional cases water mains and railroad tracks have 
been used as grounds. 

c. The purpose of the lightning protection system is to pro- 
vide a metal path of low resistance for the discharge of electrical 
currents from the air to the ground without damage to the maga- 
zine or its contents. If any of the parts of the system are 
corroded, broken, or poorly installed, the resistance offered to 
the passage of electrical currents is increased and they may 
take the more favorable path through the building and its 
contents, thus causing fires or explosions. Experience shows 
that deterioration is most active at the places where the con- 
ductors enter the ground. 

d. To obtain continuous and reliable protection, lightning 
- protection systems will be inspected semiannually. Once each 
year each system will be tested electrically in accordance with 
instructions furnished by the Chief of Ordnance. The results 
of these tests, together with a description of the defects noted 
and the repairs made, will be forwarded to the Chief of Ordnance. 
Instructions for the tests and the equipment to make then, if 
not already on hand, will be requested from the Chief of 
Ordnance. 

e. Additional requirements for lightning protection systems are 
covered in applicable ordnance safety bulletins. 

831. Care and maintenance of magazines.—a. The command- 
ing officer or a duly authorized representative will make regular 
inspections of each magazine to see if repairs are needed, and 
to insure that the general safety regulations set forth in this 
manual, particularly those which refer to the cleanliness of 
magazines and elimination of fire hazards, are strictly observed. 

b. Magazines which are properly maintained will show com- 
pliance with the following: 
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(1) The ground around magazines will be free from dry grass, 
leaves, and rubbish, and a 50-foot cleared space will be care- 
fully maintained around above-ground magazines. 

(2) Fire extinguishers, water barrels, buckets, and other aux- 
iliary fire-fighting equipment, such as gunny sacks, and brooms, 
at or near magazines, will be arranged in a neat and orderly 
manner and protected against undue deterioration. They will 
be placed uniformly in position where they are in plain sight and 
readily available. 

(3) Within the magazine, the floors will be clean and free from 
dirt, oily spots, or exudate. 

(4) Stocks in the magazine will be arranged in an orderly 
manner with ample aisle spaces for inspection and shipping. 

(5) Loose components or rounds of ammunition, packing ma- 
terial, conveyors, skids, and other similar material will not be 
stored in a magazine. : 

(6) Magazine placards (O. O. Form 5991) furnished by the 
Chief of Ordnance will be posted near each door of the magazine 
30 that they are visible when work is being done in the magazine. 

(7) Doors and locks will be kept in good working order. 

32. Repairs to magazines.—a. Repairs will not be made to 
magazines until it has been decided whether or not the contents 
are first to be removed. Under normal conditions roofs, lightning 
rods, ventilators, doors, etc., can be repaired, and minor repairs 
to the interior of a magazine (except those containing hazardous 
explosives, such as black powder, TNT, tetryl, or explosive D) 
can be made without removing the contents of the building. 

b. When magazines are repaired, the general safety regulations 
set forth in this manual will be complied with—particularly those 
relating to the elimination of fire hazards. In addition, the fol- 
lowing special regulations are particularly applicable: 

(1) All work will be done by careful, experienced workmen, 
under competent supervision. 

(2) Safety tools will be used when indicated. 

(3) The floor in the immediate vicinity of the repair work will 
be swept carefully. 

(4) No work requiring soldering, the melting of asphalt, or 
the use of blow torches will be done in a magazine containing 
explosives or ammunition. 

(5) No repairs will be made to the interior of a magazine 
containing bulk explosives, such as black powder, TNT, tetryl, 
explosive D, until all explosives have been removed. 
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(6) Magazines in which repair work has been done will be 
inspected by competent authority after completion of the work. 

(7) When melting pots or any other heating apparatus, electri- 
cal or otherwise, are authorized by the commanding officer in 
any magazine area or explosives area in connection with repair 
work on buildings, all such equipment should be kept at least 
100 feet from any magazine or building containing explosives 
or ammunition and should be baffled or screened when necessary 
to prevent danger from sparks or flame. 

33. Care and maintenance of magazine and explosives 
areas.—Strict compliance with the general safety regulations 
and particularly those pertaining to the guarding of stores of 
explosives and ammunition, the controlling of vegetation in and 
around the magazine and explosives areas, the maintenance of 
firebreaks, roads, railroads, and fences, and the posting of warn- 
ing signs, is essential to the proper care and maintenance of 
magazine and explosives areas. Old and dilapidated wooden 
shacks, piles of boxes or dunnage, dry brush, etc., will not be 
permitted. 

34. Safety regulations.—a. Safety regulations which are 
particularly applicable to the storage of explosives and ammuni- 
tion are as follows: 

(1) Containers will be free from loose dirt and grit when 
stored. 

(2) Containers will not be opened or repaired in a magazine. 
This will be done in a building specifically set aside for this 
purpose, or in clear weather, in the open at sufficient distance to 
comply with intraplant quantity-distance tables, but at least 100 
feet from any building containing explosives. 

(83) Explosives and ammunition in damaged containers will 
not be stored in a magazine. Such containers will be repaired 
or the contents thereof transferred to new or serviceable 
containers. 

(4) Open containers and containers with covers not securely 
fastened will not be allowed in magazines. Containers that have 
been opened will be closed again as eneciyely as is required upon 
manufacture. | 

(5) Two or more doors, when available, must be unlocked 
when personnel is working in a magazine in order that more than: 
one means of escape will be available. 
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SECTION V 
QUANTITY-DISTANCE TABLES 


Paragraph 
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35. General.—a. This section outlines the quantity-distance 
requirements which are applicable to the storage and handling 
of ammunition and explosives. These requirements will be 
complied with at all ordnance establishments. | 

b. The tables included in this section are based upon the 
following basic data: 

(1) Records of fires and explosions involving military ex- 
plosives and ammunition. 

(2) Reports covering a comprehensive series of tests at 
Aberdeen Proving Ground. 

(3) The American Table of Distances, published by the Insti- 
tute of Makers of Explosives, United States of America, 

(4) Chapter 87, Laws of 1925, State of New Jersey. 

c. Where, in this section, explosives and ammunition are 
grouped into classes, it is not meant or implied that the articles 
in a particular class are to be stored together, but merely that 
the hazards involved are similar for all articles in each group. 
The materials that may be stored together in one maga7ine are 
set forth in appendix II of this manual. 

36. Definitions.—a. Inhabited building—(1) Any building 
customarily used as a habitation, church, schoolhouse, hospital, 
railroad station, or for other purposes of assembly; including 
general purpose buildings such as offices, barracks, shops, and 
power plants. Buildings pertaining to an explosives line or 
magazine area such as operating buildings, watchmen’s shelters, 
field offices, and packing and shipping buildings are not con- 
sidered as inhabited buildings. Lands outside of and adjacent 
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to boundaries of military reservations will be considered 
possible sites for inhabited buildings. 

(2) Watchmen’s shelters, field offices, surveillance inspect 
buildings and bombproofs or shelters for personnel in the mé 
zine area will not be located closer to magazines than 
magazine to magazine distance for the quantity and classes 
ammunition or explosives involved.” 

bv. Public railway.—Any steam, electric, or other railr 
which carries passengers for hire. 

c. Public highway.—Any street, alley, road, or naviga 
Stream. A navigable stream is one capable of extensive’ navi 
tion by barges, tugboats, and other large vessels. 

d. Nearest magazine—The nearest magazine containing 
plosives or ammunition. The amount of explosives or amr 
nition permitted in a magazine can sometimes be increased 
the nearest magazines are filled with inert materials, tl 
greatly increasing the distance to the nearest magazine c 
taining explosives or ammunition. 

e. Measurements.—Measurements for determining quantit 
of explosives will be made from the nearest point of the bui 
ing containing explosives to the nearest point of the magazi 
inhabited building, public railway, public highway, or channel 
the navigable stream under consideration. ) 

f. Operating building—Any structure in which operations p 
taining to manufacture, processing, packing, or shipping exr 
sives or ammunition are performed. 

g. Maximum permitted —The maximum quantity of explosi 
or ammunition permitted in any magazine. Maximum qu: 
tities are based on limiting losses of military stores as well 
on quantity-distance considerations, 

37. Explosives hazards and quantity-distance requi 
ments.—The hazards pertaining to a particular class of 2 
munition or explosives are the characteristics upon which 1 
quantity-distance requirements for that class are based. ‘J 
relationships between hazards and quantity-distance requi 
ments for certain general classes are as follows: 

a. Fire hazards.—Fire is the most common hazard incident 
the manufacturing, processing, handling, and storage of a 
munition, propellant powders, and other explosives. Exc 
under unusual circumstances relating to methods of packing a 
heights of column for certain types and granulations which : 
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discussed in paragraph 94, smokeless powder is considered a fire 
hazard only. Consequently in the smokeless powder tables in- 
cluded in this manual, the quantities and distances shown are 
for fire protection only. Small-arms ammunition, most pyro- 
technics, and chemical ammunition for which no tables are 
shown also are considered fire hazards only, as regards quan- 
tities and distances. Most other items of ammunition and 
explosives may, aS a result of fires, detonate and spread disaster 
to distances considerably in excess of fire-protection distances. 

b. Sympathetic detonations.—A sympathetic detonation is one 
which immediately follows as a direct result of an initial explo- 
sion. It may be the result of propagation, or it may be the 
result of missiles from: the initial explosion. In any case it is 
an explosion that so closely follows the initial explosion as to 
be indistinguishable from it. 

(1) The magazine to magazine distances and the intraplant 
distances shown in this section for all classes of ammunition 
and high explosives are based on New Jersey State law. They 
are expected to give protection against propagation from explo- 
sions in adjoining buildings or magazines. 

(2) It will be noted that these distances are in all cases sub- 
stantially less than those required to protect inhabited buildings 
against structural damage and it is not expected that intraplant 
or magazine to magazine distances will give protection against 
structural damage. 

c. Missile hazards.—Explosions involving high explosive shell 
or loaded ammunition components introduce a hazard not nor- 
mally present in commercial explosives or small-arms ammuni- 
tion manufacturing plants. These hazards are missiles which 
may be projected either as pieces of broken up shell cases or 
other components, or complete projectiles which may and often 
do explode upon impact or as a result of heating in burning 
explosives or other fires. Some of the worst disasters have re- 
sulted from high explosive shell spreading explosions from 
building to building in a plant. Missile distances prescribed in 
the quantity-distance tables for classes 3, 4, 5, 6, and 7 are based 
upon tests made at Aberdeen Proving Ground. These distances 
do not take into account occasional missiles which may be thrown 
a mile or more. They are based upon the distance within which 
most missiles will fall. 

d. Concussion.—The effects of the concussion produced by the 
detonation of explosives constitutes the commonest hazard asso- 
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ciated with explosives. The distances given in the tables for 
classes 8, 9, and 10 are expected to give protection against the 
concussion effect of explosions. They are identical with the 
American Table of Distances published by the Institute of Makers 
of Explosives. Concussion hazards have been divided into three 
separate classes as follows: 

(1) Structural damage to inhabited buildings —The distances 
shown in tables 8, 9, and 10 for inhabited buildings represent the 
distances at which buildings will be safe from substantial struc- 
tural damage. Minor damage such as the breaking of window 
glass and the shaking down of plaster and possible damage from 
flying missiles is not considered as substantial structural damage. 
The term “substantial damage” may be defined as follows: 

(a) In stone or brick houses.—The serious weakening of or 
displacement of portions of supporting walls (i. e., foundations, 
side walls, or interior supports) and the breaking of rafters or 
other important roof supports or floor joists. 

(0) In frame buildings.—The serious weakening of or displace- 
ment of foundations, the breaking of any of the main supports 
in the side walls or interior supporting walls, and the breaking 
of any main supports of the roof or floors. 

(2) Structual damage to railroad equipment.—The distances 
at which railroad cars are considered safe from the concussion 
effects of explosions has been fixed in the American Table of 
Distances at 60 percent of the inhabited building distance. 
These distances have been used in tables 8, 9, and 10. The 
use of the lesser distances was based on the following con- 
siderations: 

(a) The lesser height and smaller area of railroad trains 
exposed to concussion, and the greater strength of railroad 
cars to resist concussion, as compared with buildings, 

(b) The fact that while a building is stationary and subject 
to any risk constantly, the presence of a train is only 
temporary. 

(3) Injury to persons on public highways.—The public high- 
way distances shown in tables 8, 9, and 10 were taken from the 
American Table of Distances. They represent the distances at 
which persons in the open are safe from the concussion effects 
of explosions. The cases tabulated by the Institute of Makers 
of Explosives did not conform to a fixed pattern, and in arriving 
at distances which would be safe and well beyond the distances 
at which injuries had actually occurred, public highway dis- 
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tances were fixed in the American Table of Distances at one-half 
the railroad distance or at 30 percent of the inhabited building 
distances, - 

38. Classes and quantity-distance tables for military ex- 
plosives and ammunition.—a. The explosive contents of am- 
munition or components are shown on ordnance drawings; but 
if these are not available, the information desired should be 
requested from the Chief of Ordnance. The quantities shown 
in the tables herein were computed in the following manner: 

(1) For smokeless powder the quantity in pounds is the 
net weight of the powder in the boxes (bulk powder) or pro- 
pelling charges. 

(2) For pyrotechnics the quantity is the gross. weight of the 
boxes and contents. 

(3) For fixed ammunition the pounds of explosives are com- 
puted as follows: If a magazine contains 200,000 rounds of 
75 mm. H. W. shell M48, the amount of explosives in the maga- 
zine is 200,000 X1.47=294,000 pounds. (1.47 pounds is the 
approximate weight of the high explosive in the shell.) The 
smokeless powder in the cartridge case is not classed as an explo- 
sive in this case and is not included in the computation. 

(4) For separate loading shell and bombs the pounds of 
explosives are computed as follows: If a magazine contains 
30,000 155-mm. howitzer shell, M102, the amount of explosives 
in the magazine is as follows: 30,000X15.56=466,800 pounds. 
(15.56 is the approximate weight of the high explosives in the 
shell. ) 

b. When military explosives and ammunition are not packed 
in accordance with the provisions of approved drawings and 
specifications, they will be stored in accordance with special 
instructions issued by the Chief of Ordnance. 

c. When military explosives and ammunition are packed in 
accordance with the requirements of approved drawings and 
specifications, and are stored in accordance with storage draw- 
ings, or as prescribed in this manual, they are classified as 
indicated below, and will be stored in accordance with the 
quantity-distance tables shown. 

(1) Class 1—Small-arms ammunition and mechanical time 
fuzes without boosters.—These materials are principally fire 
hazards. No limit is placed on the storage of small-arms am- 
munition, but the limits imposed by paragraph 38c (3) on class 
3 material apply also to mechanical time fuzes. 
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(2) Olass 2—Smokeless powder, pyrotechnics, and chemical 
ammunition filed with phosphorus.—These materials may be- 
come unsafe under extreme conditions of moisture and high 
temperature. They burn with intense heat. 


Class 2—Quantity-distance table 


SMOKELESS POWDER IN CONTAINERS,! PYROTEOHNICS, OR 
CHEMICAL AMMUNITION CONTAINING PHOSPHORUS 


3 
Quantity Unbarricaded peel in feet from 


Pounds | Pounds | Inhabited | Public | Public | Maga- 
(over)— (not over)— | building railway | highway zine 3 


75 75 
115 115 
150 150 
190 190 
215 215 
235 
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1§mokeless powder in containers is intended to mean any smokeless powder 
stored in boxes, powder cans, cartridge storage cases, or any container used for the 
storage of smokeless powder. 

? Unbarricaded distances as shown always will be used when considering above- 
ground magazines in which smokeless powder is stored. One-half the above dis- 
core are authorized for separation of igloo type magazines containing smokeless 

owder. 
_ 3 Distances shown are applicable to operations succeeding the graining. operation 
in smokeless powder plants. 

4 Smokeless powder in bulk is intended to mean any smokeless powder not stored 
in containers, such as is found in dry houses, blenders, bag loading, and hand blend- 


ing npn on 
aximum quantity permitted in any 1 magazine. 
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(3) Olass 8—Point-detonating fuzes, minor caliber base- 
detonating fuzes, powder train and antitank-mine fuzes, packed 
separately in bowes; bomb fuzes, packed with fin assemblies in 
accordance with the provisions of paragraph 127%a (3).—The 
amount of explosives in articles of this class, including the 
booster, varies from 30 to 500 grains, except in the case of bomb 
fuzes packed with fin assemblies, which contain a charge of 
approximately 1,000 grains. These fuzes usually explode pro- 
gressively, not more than a box or two at a time. Pressures 
which would cause serious structural damage to adjacent maga- 
zines are not usually generated, and missiles are small and of 
light weight, usually falling with 300 feet. The quantity of 
fuzes stored in a single magazine will be kept to the minimum 
consistent with available storage capacity. The storage of more 
than 50,000 fuzes of any one model, or a total of more than 
150,000 fuzes of all models in a single magazine will not be 
permitted except by specific authority of the Chief of Ordnance. 


Class 8—Quantity-distance table 


Unbarricaded distance ! in feet from nearest— 
Quantity, pounds of explosives 
(not over)— 


Inhabited | Public rail- | Publie high- 
building? | way? way 8"'| Magazine 


Se neneemneesesimmmeeermereecmeereecemmenes eee A oes 


1 These distances will not be reduced by barricades. One-half the above distances 
are authorized for concrete igloo magazines, except at the door end. 

? Missile distance. 

3 Maximum permitted in any one magazine. 


(4) Class 4—When packed in accordance with ordnance draw- 
ings and specifications: Fiwed and semifixed high-explosive shell 
‘(complete rounds), light mortar ammunition, fragmentation 
bombs in wooden crates, grenades, and shrapnel of all calibers, 
fuzed or unfuzed, and blank ammunition for cannon.—Articles 
in this class usually explode progressively, only a few boxes at 
a time, many explosions of individual rounds being of a very low 
order. Pressures which would cause serious structural damage 
‘to adjacent magazines are not usually generated, and most mis- 
siles would fall within 600 feet. 
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Class 4—Quantity-distance table 


Distance! in feet from nearest— 
pees pounds i explosives 
not over)— 
Inhabited Public Public 
building? | railway? | highway» | Magazine 
000,000 4. otce eeeec eee eee 1, 200 1, 200 1, 200 300 


1 These distances will not be reduced by barricades. One-half the above distances 
are authorized for concrete igloo magazines, except at the door end. 

? Missile distance. 

§ Maximum permitted in any one magazine. 

(5) Olass 5—Separate-loading shell of all calibers, loaded with 
explosive D, fuzed or unfuzed; and shell loaded with explosive 
D, fuzed or unfuzed, not assembled to or packed with cartridge 
cases.—These shells usually explode one at a time, and in prac- 
tically all cases with low order. As only one shell should be in- 
volved in an explosion, the missiles are limited both as to num- 
ber and range and most missiles will fall within 1,200 feet. 


Class 5—Quantity-distance table 


Distance ! in feet from nearest— 
quem pons sr explosives 


ss ala oa Inhabited | Public | Public 
building 2 | railway? | highway ? Magazine 


LS | ED | | A 


1 These distances will not be reduced by barricades. One-half the above distances 
are authorized for concrete igloo magazines, except at the door end. 

2 Missile distance. 

3 Maximum permitted in any one magazine. 

(6) Olass 6—Major and medium calider base-detonating fuzes, 
bomb fuzes; and adapters and boosters for high explosive shell, 
bursters for chemical shell, and for bombs, packéd separately in 
boxves.—The amount of explosives in single items of this class 
usually does not exceed one-half pound. They usually explode 
progressively, by piles. The number involved in any explosion 
is limited by making the piles small and separating them by 
prescribed distances determined by actual detonation tests. 
Structural damage caused by the pressures generated usually is 
limited to adjacent magazines and the missiles are light and 
usually fall within 600 feet. The quantity of fuzes stored in a 
single magazine will be kept to the minimum consistent with 
available storage capacity. The storage of more than 50,000 
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fuzes of any one model, or a total of more than 150,000 fuzes of 
all models in a single magazine will not be permitted except by 
specific authority of the Chief of Ordnance. 


Class 6—Quantity-distance table 





Unbarricaded distance ! in feet from nearest— 
Quantity, pounds of explosives 


(not over)— Inhabited | Publicrail-|Publichigh- 
building? | way? way? | Magazine 
100,000 2._.-.-------------nane ne 1, 500 900 450 300 





1 These distances will not be reduced by barricades. For concrete igloo maga- 
zines (except at the door end) one-half of the above distances are authorized. When 
items of this Class are stored in igloo magazines (except when segregated into piles 
in accordance with drawing No. D-8361) the quantity and distance requirements 

rescribed for classes 9 and 10 will apply, except that no distances smaller than one- 
palf the distances quoted in the above Class 6 Quantity-Distance Table are author- 


ized. 
8 Missile distance. 
3 Maximum permitted in any one magazine. 


(7) Class 7—Separate-loading loaded shell of all calibers, 
fuzed or unfuzed, except those loaded with explosive D; and 
loaded shell, except those loaded with explosive D, fuzed or un- 
fuzed, not assembled to or packed with cartridge cases.—Shell . 
in this class usually explode progressively by piles. The num- 
ber involved in any one explosion is limited by making the 
piles small and separating them by prescribed distances which 
have been determined by actual detonation tests. Structural 
damage caused by the pressures generated is usually limited 
to adjacent buildings. Most missiles will fall within 1,500 feet. 


Class 7—Quantity-distance table 





Unbarricaded distance ! in feet from nearest— 
Quantity, pounds of explosives 


(not over)— Inhabited | Publicrail-|Publichi 
= gh- 
building? | way? way? | Magazine 
800,000 8__.---------------een eee 1, 800 1, 800 1, 800 300 


1These distances will not be reduced by barricades. For concrete igloo maga- 
zines (except at the door end) one-half the above distances are authorized. When 
‘items of this class are stored in concrete igloo magazines (except when segregated 
into piles in accordance with drawing No. 19-48-12) the quantity and distance re- 
quirements pees for Classes 9 and 10 will apply except that no distances less 
than one-half the distances quoted in the above class 7 Quantity-Distance Table 
are authorized. 

4 Missile distance. 

3 Maximum permitted in any one magazine. 


415950°—41 4 
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(8) Class 8—Primers, detonators, primer-detonators 
bombs, grenade fuzes, and blasting caps, packed im accord 
with Ordnance drawings and specifications —All in a mag: 
may explode at one time, but as the total amount of explo 
involved is limited, structural damage usually is limited to: 
cent magazines. This class of ammunition forms light mis 
which have a very limited range. 


Class 8—Quantity-distance table | 


Unbarricaded distance in feet from neare: 





Quantity, poonds of explosives 


eee Inhabited | Publicrail- |Publichigh-| yy 
building! | way! way ! a 
PA | en eee See eR eee 980 590 300 
O00 2 oes eee 1, 200 720 360 
M000 6 tae eee 1, 500 900 450 
1B ,000% 22: Ji ices aes 1, 610 970 490 
DOO 8 coo. Leto ects news ee 1, 740 1, 040 520 


1 American Table of Distances, requirements for explosives in the form of bl 
caps. 
2 Maximum permitted in any one magazine. 


(9) Class 9—Flashlight powder, demolition blocks, spo 
charges, black powder, bulk priming explosives; bulk initic 
explosives such as tetryl, and bulk high explosives such as! 
and explosive D.—Priming explosives such as mercury fulmi 
and lead azide will be stored in accordance with special inst 
tions to be issued by the Chief of Ordnance. In a fire, k 
powder usually explodes and TNT and explosive D usually t 
but may explode. Since these explosives are similar to 
commercial explosives on which the American Table of Dista 
was based, they are stored in accordance with this table. 

(10) Class f0-—Demolition bombds, fragmentation bomb 
metal crates, or bundles, photoflash bombs, and H. EB. anti 
mines.—All in a magazine may explode. In this case, struct 
damage will be limited to the distances specified for inhal 
buildings in the American Table of Distances for similar gq 
tities of commercial bulk explosives, and most missiles will 
fall within these distances. Quantities of class 10 explo: 
will be stored in accordance with the table for classes 9 an 
except that the distances applicable to fragmentation b« 

will not be less than those stated in the Class 4 Quantity-Dist 
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Table, but may be one-half the distances as stated in the Class 4 
‘Quantity-Distance Table when storage is in concrete igloo maga- 
zines ; however, the door end is not considered barricaded. 


Classes 9 and 10—Quantity-distance table — 
Quantity of explosives | Unbarricaded distance in feet from nearest— 


Pounds | Poundsnot| Inhabited | Public | Public 
over— over— building! | railway ! |highway ! 


tent 
CY 
iS) 


140 


83s 


SSSSSSSSBSSEue 
S882 


$90 3.09 7 $0 pO, 


ADO WAM Ere 9999 
PEESRSERSOAOrASs 
SR5ssess 
RERRRR RE 

SSSSNS9E8 
EERES 


Se i i i 


SESFSTESSERS 
g 
c—] 


fam fom fou fem femal fh fumed fend foad 


PERSE 
SSRZESSSSSFSRS 


SERS 


SSSSSSSSssssssssssssssSSssSSSSSsSsSssesssssss 


50 
100 
200 
300 
400 
500 
600 
700 
800 
900 
000 
500 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


SRESISESSSSRSSSSEE 


BS 


J 09 09 69 09 99 $9 09 9 O92 SONNE EM SMe rr ee 


SQSSBSSESBSSSRSSE 


~—w we we ee eS ow 


SESSESEEESR5 


§ 
: 
3 
: 





1 American Table of Distances, requirements for bulk explosives. 

3 Magazine distances conforming with the requirements of paragraph 41 may be 
authorized under special conditions. 

3 Maximum permitted in any one magazine. 
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(11) Class 11—Chemical ammunition (eacept ammunition con- 
taining phosphorus) —This ammunition is not considered an ex- 
plosive hazard, and no limit has been placed on the storage of 
this material, except that storage must comply with the require- 
ments of part IV of this manual, and with the storage chart, 
appendix II. 

(12) Class 12—Ezplosives such as ammonium nitrate, DNT, 
and wet nitrocellulose.—These materials are insensitive and can 
be detonated only by very strong initiation. When stored in an 
explosives area where there is a possibility that explosives may 
be projected into them, they will be stored in accordance with 
the regulations for class 9 explosives. When stored in an area 
with fire hazards only, and separated by inhabited building 
distances from areas containing explosives or ammunition, these 
materials may be stored in accordance with the regulations for 
smokeless powder. 

39. Separation within magazines or other buildings.— 
a. The quantity-distance tables for ammunition and ammunition 
components of classes 3, 4, 5, 6, and 7 are based on the assump- 
tion that, on initiation, mass detonations will not occur and that 
missile distances are the controlling considerations. 

b. On initiation, ammunition of classes 8, 4, and 5 may be 
expected to explode progressively, a few boxes at a time, whether 
or not the piles are separated within the magazine. 

c. (1) Ammunition of. class 6 stored in above-ground maga- 
zines, will be spaced in piles containing not over 5,000 pounds of 
explosives each, with the piles spaced a minimum of 2 feet 
apart. Otherwise, it must be assumed that, on initiation, the 
ammunition in the magazine will detonate en masse, and guan- 
tity-distance requirements including the maximum permitted 
in each magazine, will be those prescribed for classes 9 and 10. 
However, the limit per magazine will be 100,000 pounds, but 
not more than 50,000 fuzes of one model, nor a total of over 
150,000 fuzes of all models will be stored in a single magazine. 

(2) Ammunition of class 7, stored in above-ground magazines, 
will be placed in piles containing not over 15,000 pounds of ex- 
plosive each, and spaced in accordance with the Ordnance draw- 
ing 19-48-12. Otherwise, it will be assumed that, on initiation, 
all ammunition in the magazine will detonate en masse, and 
quantity-distance requirements including the maximum per- 
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mitted in each magazine, will be those prescribed for classes 9 
and 10. 

d. When ammunition of classes 6 and 7 is stored in igloo maga- 
zines in accordance with ordnance drawings, aisle spacing is 
not sufficient to preclude mass detonation; therefore, quantity- 
distance requirements, including the maximum permitted in each 
magazine, will be those prescribed for classes 9 and 10. 

40. Intraplant distances.—a. All high explosives and black 
powder operating buildings will be located one from each other 
and from other buildings on explosives plants in which persons 
are regularly employed, and all service magazines will be located 
from buildings on explosives plants in which persons are regu- 
larly employed in conformity with the following table: 
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Intraplant quantity-distance table ; 





Quantity of explosives ? Unbarricaded | 
| distance in feet, 

ge age os 
Pounds Pounds ng, or W. D | 
over— not over— Sooo ails : 





















10). steeeee esas 
25 


maenmwn wero e 














50 - 100 

100 200 100 
200 300 120 
300 400 130 
400 500 140 
500 750 160 
750 1, 000 180 

1, 000 1, 500 210 
1, 500 2, 000 230 
2, 000 3, 000 260 
3, 000 4, 000 280 
4, 000 5, 000 300 
5, 000 6, 000 320 
6, 000 7,000 340 
7, 000 8, 000 360 
8, 000 9, 000 380 
9, 000 10, 000 400 
10, 000 12, 500 420 
12, 500 15, 000 450 

_ 15,000 17, 500 470 
17, 500 20, 000 490 
20, 000 25, 000 530 
25, 000 30, 000 560 
30, 000 35, 000 590 
35, 000 40, 000 620 
40, 000 45, 000 640 
45, 000 50, 000 660 
50, 000 55, 000 680 
55, 000 60, 000 700 
60, 000 65, 000 720 
65, 000 70, 000 740 
70, 000 75, 000 770 
75, 000 80, 000 780 
80, 000 85, 000 790 
85, 000 90, 000 800 
90, 000 95, 000 820 
95, 000 100. 000 830 
100, 000 125, 000 900 
125, 000 150, 000 950 
150, 000 175, 000 1, 000 
175, 000 200, 000 1, 050 
200, 000 225, 000 1, 100 
225, 000 250, 000 1, 150 





1 New Jersey State law for intraplant quantities and distances. . 
2 Applies to high explosives or items loaded with high explosives. 


b. If the hazards involved require dividing an operating 1: 
into separate buildings, such hazards are great enough to requ 
the use of full intraplant distances between buildings unless 
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fective separate barricades are provided as described in para- 
graph 43, in which case these distances may be halved. 

¢. In cases in which it is impracticable, or undesirable from a 
production point of view, to separate operating buildings by pre- 
scribed safety distances, their separation by lesser distances may 
be approved by the commanding officer in special cases. Build- 
ings so located will be considered as separate rooms within a 
single building, and the total amount of explosives contained in 
all buildings so located will not exceed the maximum authorized 
for a single building. . 

d. In operating lines of explosives manufacturing or ammuni- 
tion loading plants, subbuildings in which persons are not regu- 
latly employed or which are visited only intermittently by opera- 
tors may be placed adjacent to operating buildings without af- 
fecting the safety distances determined by main operating build- 
ings, provided the maximum amounts of explosives contained in 
each subbuilding is limited by its distance from the nearest 
Main operating building in accordance with the intraplant 
quantity-distance table. 

41, Basic magazine quantity-distance rule.—a, The laws of 
New Jersey (latest revision, ch. 27, Laws of 1941, March 28, 1941) 
tequire a distance of 200 feet separation for magazines con- 
taining 5,000 to 25,000 pounds of explosives, plus 234 feet addi- 
tional distance for each 1,000 pounds of explosives in excess of 
23,000 pounds. This rule is the basis for the table shown in 
paragraph 38¢ (10), but for reasons of policy the latter table 
Shows only three magazine distances for quantities varying from 
9,000 to 250,000 pounds. This basic rule is restricted to intra- 
plant use in locating service magazines from each other and to 
Such other uses as may be authorized by the Chief of Ordnance 
in specific cages. 

42. Special area distances.—a. In the layout of explosives 
manufacturing and ammunition loading plants, each operating 
line, storage area, and administrative area will constitute a 
Separate group of buildings and facilities, so located that any 
group is separated from all the others by inhabited building dis- 
tances as shown in paragraph 38 of this manual. The distance 
to be used in each case will be the greater of the following: 

(1) Inhabited building distances based on the missile hazards 
for the particular type of ammunition being loaded (tables for 
classes 3 to 8, inclusive). 
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(2) Inhabited building distances based on structural damage 
for the total amount of high explosives involved (table for classes 
9 and 10). 

b. Public railways which do not carry passengers will be per- 
mitted to pass not closer than 400 feet from magazines. 
However, they must be separated by railway distances from 
operating buildings. 

c. In future construction, railroad classification yards de- 
signed to receive explosives or ammunition will be separated from 
inhabited buildings, administration areas, magazines containing 
explosives or ammunition and operating buildings containing 
explosives or ammunition by a minimum distance of 1,800 feet. 
However, this distance may be decreased to a minimum of 1,400 
feet in the case of concrete igloo magazines. 

d. New depot storage areas will be divided into blocks of not to 
exceed 100 igloo magazines each, the blocks to be separated by 
minimum distances of 1,400 feet. Each block will contain not 
more than 25,000,000 pounds of explosives. Storage areas will 
be separated from administration and other inhabited building 
areas by inhabited building distances based on the quantities and 
types of ammunition and explosives contained in the magazines. 

é. Renovation plants and reconditioning plants must be located 
at inhabited building distances from magazine areas. However, 
the inhabited building distance governing the location of such 
plants may in some cases be based upon the amount of explosives 
in the renovation or reconditioning plant rather than upon the 
amount of explosives in magazines in the magazine area. 

43. Barricades.—a. Definition—Whenever an_ explosives 
manufacturing building or magazine is effectually screened from 
another explosive manufacturing building or magazine, railroad, 
or highway, either by natural features of the ground or by effi- 
cient artificial barricades of such height that any straight line 
drawn from the top of any side wall of the factory building or 
magazine to any part of the explosives plant building or building 
to be protected will pass through such intervening natural or 
artificial barricade, and any straight line drawn from the top 
of any side wall of the factory building or magazine to any point 
12 feet above the center of the railroad or highway to be pro- 
tected will pass through such intervening natural or artificial 
barricade, the applicable distance (except missile and smokeless 
powder distances) as prescribed by the quantity and distance 
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table, and the intraplant quantity and distance table, and the 
distances separating magazines may be reduced one-half. (See 
par. 43d.) : 

b. Igloo magazines.— (1) When protected by barricades at the 
door end, approved, reinforced-concrete, arch-type, earth-covered. 
(igloo) magazines are considered barricaded in all directions ; 
and “barricaded distances” may be used as minimum safe dis- 
tances in locating them with reference to inhabited buildings, 
public railways, public highways, operating buildings, or other 
magazines. No other type of magazine is considered barricaded 
unless separate barricades are provided. Where concrete igloo 
magazines are not barricaded at the door end “unbarricaded dis- 
tances” will be used in locating them from structures and fa- 
cilities which lie in front of the magazines and within the area 
bounded by lines drawn from the door and inclined by 80° from. 
a line drawn perpendieular to the front of the magazine. 

c. It is not the policy of the Ordnance Department to erect. 
barricades around magazines ; but if necessary to meet dangerous 
local conditions, such barricades will be constructed in accord- 
ance with drawings and specifications approved by the Chief of 
Ordnance. 

d. A barricade used for the purpose of reducing safety dis- 
tances must be constructed separate from the building it is to 
screen and must be located at a minimum distance of 4 feet from 
such a building. It may be either natural or artificial. If arti- 
ficial, it should consist of earth or sand fill with a minimum 
width of 3 feet at the top. Hither one or both sides may be. 
revetted, or supported by concrete, timber, or masonry walls. 
Barricades are authorized for use in reducing both intraplant 
distances and structural damage distances, but not for reducing 
missile distances. Approved _ reinforced-concrete, arch-type, 
earth-covered (igloo) magazines are considered barricaded with 
respect to missiles. Other types of igloo magazines are not con-. 
sidered barricaded in any respect unless separate barricades are 
provided. 

_ @. Flash barricades which are authorized for the purpose of 
preventing the spread of fires will not be used for the purpose of 
reducing safety distances. 

44, Dividing walls.—a. A definition of the words “within 
substantial dividing walls” with reference to intraplant dis- 
tances between factory buildings is illustrated by the following 
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example. If a building contains 4,000 pounds of explosives and 
is provided with a “substantial dividing wall,” dividing the 
building into two rooms, one containing 3,000 pounds of explo- 
sives and the other 1,000 pounds, the distance between the room 
containing 3,000 pounds of explosives and the nearest operating 
factory building is based on the distance required for 3,000 
pounds of explosives. To describe it otherwise, “a substantial 
dividing wall” would, in the event of a detonation of the larger 
quantity of explosives, prevent the sympathetic detonation of the 
lesser quantity of explosives in the adjoining room. The dis- 
tance to the next building is governed by the 8,000 pounds in- 
stead of the total of 4,000 pounds. 

b. Substantial dividing walls used to separate buildings into 
individual rooms will not be added to existing buildings except by 
authority of the Chief of Ordnance. It is not expected that sub- 
stantial dividing walls will materially limit structural damage. 
If all of the explosives on both sides of a substantial dividing wall 
are prevented from exploding en masse the purpose for which 
the wall was provided has been accomplished, even though the 
‘wall may be demolished and structural damage in the plant may 
be severe. A substantial dividing wall must extend to the roof 
and to the side walls of the building or room which it divides 
into separate rooms. It must consist of concrete at least 12 
inches thick, reinforced on both sides by rods at least % inch in 
diameter, located on maximum centers of 12 inches both verti- 
cally and horizontally. This paragraph should not be inter- 
preted as discouraging the use of barricades of the bench or 
wing-wall type to cut down operating hazards; but for the pur- 
pose of establishing safety distances, such barricades should not 
be considered as dividing the explosives contained within the 
building or room into separate lots. _ 

45. Loaded railroad cars.—a. Cars of loaded ammunition, 
such as shell, complete rounds, smokeless powder in containers, 
or propelling charges in containers, if alongside an operating 
building, are considered as separate rooms of that building. The 
space in the car opposite the open doors will not be used for 
storage, except under the following conditions: 

(1) Where it is possible to spot the car so that its doors are 
opposite a blank wail with a minimum of 5 feet on either side 
of the car door to the doors or windows of the building, such cars 
may be fully loaded. 


ORDNANCE SAFETY MANUAL 55 


(2) Where doors and windows in a building prevent the solu- 
tion suggested in paragraph (1) above, the car door adjacent to 
the building may be closed. Thus a dividing wall is interposed 
and the car may be fully loaded through the opposite car door. 

b. If more than one car is located at an operating building, a 
separation of at least 10 feet between cars will be required. 

c. Cars of bulk high explosives, loaded H. EH. bombs, or bulk 
smokeless powder will be figured at full hazard. If alongside an 
operating building, they will be considered at “within the build- 
ing” and not as within “separate dividing walls” unless such 
walls are specially provided or existing walls are utilized. 

é. Cars or trucks containing ammunition or explosives will not 
be spotted between magazines or other buildings where they re- 
duce effective safety distances and may act to transmit fires or 
explosions from building to building. 

é. Railroad cars used for picking up or distributing shipments 
in a magazine area must be loaded in accordance with the storage 
table contained in Appendix II. Except when the quantity in- 
volved is very small, trucks so used will be loaded in accordance 
with the storage tables referred to. The use of the Interstate 
Commerce Commission loading table is restricted to cars spotted 
at shipping or receiving buildings or moving between the shipping 
and receiving buildings referred to in paragraph 25 and common- 
carrier interchanges. 


SECTION VI 


PACKING, MARKING, AND SHIPPING 


Paragraph 
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Lot: nimbers. 2-2 2cccu. see oo eee ee ee eee 49 
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The Bureau of Explosives.__.....-_.-______-_ ~~~ 51 
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46. General.—The general regulations governing the packing, 
marking, and shipping of military supplies are set forth in 
Army Regulations 30-955. This section contains special regu- 
lations applying to explosives and ammunition. 
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47. Packing.—a. The packing of explosives and other danger- 
ous articles for shipment will be in accordance with Ordnance 
drawings and specifications. Where applicable, Interstate Com- 
merce Commission regulations will be observed. For the pack- 
ing of items not covered by drawings and specifications or In- 
terstate Commerce Commission regulations, special instructions 
will be issued by the Chief of Ordnance. 

b. When containers which comply with United States Army 
specifications are not available for shipments of explosives or 
other dangerous articles, containers which comply with the 
Interstate Commerce Commission regulations will be used. This 
applies particularly to the shipment of deteriorated explosives 
or ammunition, and to powder, explosives, and loaded compo- 
nents of ammunition obtained from salvage operations. 

48. Marking.—a. The term “marking” as used in this man- 
ual includes the painting, stenciling, and stamping of containers 
and of the ammunition itself. 

b. Explosives and other dangerous articles offered for ship- 
ment on a common carrier will be marked to comply with In- 
terstate Commerce Commission regulations. 

c. Explosives and ammunition are marked in accordance with 
United States Army specifications and drawings, and are further 
described and explained in appropriate field manuals and stand- 
ard nomenclature lists. Although the markings are primarily 
for the identification of the material from a military standpoint, 
they also will be made to comply with Interstate Commerce 
Commission regulations. 

d. When an Ordnance establishment repaints or re-marks ex- 
plosives or ammunition containers, ammunition, or ammunition 
components, the new painting or marking will be a facsimile 
of the painting and marking of the original container or ammu- 
nition, unless the Chief of Ordnance issues specific instructions 
to the contrary. Explosives and ammunition obtained from 
salvage operations, and material which has lost its identity 
will be clearly marked to show the nature of the material. If 
offered for shipment the material will be marked to comply with 
the requirements of Interstate Commerce Commision regulations. 

49. Lot numbers.—a. Lot numbers are used in the identi- 
fication of military explosives and ammunition. Except for 
certain unserviceable material, the lot number always appears 
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upon the packing boxes or containers. It also appears on the 
data cards and in most cases upon the ammunition itself. 

b. Lot numbers usually consist of letters and figures which 
represent the initials of the manufacturer or loading company, 
the number of the War Department procurement order, the 
serial number of the iot and, in some cases, the date. 

c. The identification of military explosives and ammunition 
by lot number is essential for the surveillance activities of the 
Ordnance Department. It is the means whereby stocks are 
conserved or utilized to the best advantage, and defective or 
deteriorated ammunition ig withdrawn from service. It is used 
also in selecting ammunition for issue, because the ballistics or 
performance of ammunition when fired may vary from lot to 
lot. 

50. Interstate Commerce Commission.—a. Except for water 
shipments, the Interstate Commerce Commission is impowered 
to regulate the transportation of explosives and other dangerous 
articles in interstate commerce within the limits of jurisdiction 
of the United States. However, Interstate Commerce Commis- 
sion regulations provide that shipments of explosives or other 
dangerous articles offered by or consigned to the War or Navy 
Departments of the United States Government may be packed, 
including limitations of weight, in accordance with either I. C. C, 
regulations, or War or Navy Department regulations. 

51. The Bureau of Explosives.—a. The Interstate Commerce 
Commission regulations covering shipments of explosives and 
other dangerous articles by rail include the following: 

“The services of the Bureau for the safe transportation of 
explosives and other dangerous articles, hereinafter called 
Bureau of Explosives, will be utilized by the commis- 
sion in the execution of these regulations. This Bureau will 
make inspections and conduct investigations, and will confer 
with manufacturers and shippers with a view to determining 
what regulations will within reasonable limits afford the highest 
degree of safety in packing and preparing these dangerous 
articles for shipments and in transportaing the same. The 
Commission will avail itself of the expert knowledge thus de- 
veloped, and in formulating amendments to these regulations, 
while not bound thereby, will give due weight to the expert 
opinions thus obtained.” 
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b. The Bureau of Explosives was organized in 1906 by the 
American Railway Association. Nearly all common carriers 
are members of the American Railway Association and comply 
with the rules and regulations issued by the Bureau of Explo- 
sives. Inspectors of the Bureau of Explosives are stationed 
throughout the country to observe, investigate, and report upon 
shipping methods. Common carriers utilize the services of 
these inspectors to enforce regulations and approved practices, 
and to assist shippers. 

52. State and municipal laws and ordinances.—a. In ad- 
dition to Federal laws governing interstate transportation of 
explosives and other dangerous articles, each State and nearly 
all municipalities have laws or ordnances regulating the trans- 
portation of explosives and other dangerous articles within 
their jurisdiction. Harbor regulations of the ports of New 
York, or Baltimore, and city ordinances requiring motor-trucks 
or wagons carrying explosives to display a red flag or placards, 
are examples of such State and municipal laws and ordinances. 

b. Shipments of explosives and ammunition made by Ordnance 
establishments will comply with applicable requirements of In- 
terstate Commerce Commission regulations, port and harbor 
regulations, State and municipal laws, and Bureau of Explo- 
sives recommendations. 

53. Rail shipments.—The Interstate Commerce Commission 
regulations which govern the transportation of explosives and 
other dangerous articles by rail are essentially safety regulations 
and describe in detail how such shipments will be handled, loaded, 
braced, stayed, and placarded. (See also AR 30-995, Trans- 
portation of Supplies.) Bureau of Explosives Pamphlet No. 6 
contains descriptions, photographs, and drawings of recom- 
mended methods of bracing and staying shipments. These rec- 
ommendations, although for commercial explosives and other 
dangerous articles, can be adapted readily to military explo- 
sives and ammunition, and will be followed in all cases in which 
bracing and staying methods are not prescribed by Ordnance 
drawings and specifications. 

54. Water shipments.—a. Transportation of explosives and 
other dangerous articles by water in vessels engaged in com- 
mercial service is regulated by the Bureau of Marine Inspection 
and Navigation, United States Department of Commerce. Ship- 
ments will comply with applicable portions of the regulations 
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of this Bureau. Shipments overseas will be made in accordance 
with the regulations of the carrier, usually the Quartermaster 
Corps or the Navy Department. (See AR 30-1270, Trans- 
portation by Water of Explosives, Infiammables, and Chemical 
Warfare Materials.) 

55. Motortruck shipments.—a. Transportation of explosives 
and other dangerous articles by truck is covered by Interstate 
Commerce Commission Motor Carrier Regulations, Part 7. Such 
of these regulations as are applicable will be complied with. 

b. Contracts for the transportation of ammunition and explo- 
sives by common or contract carriers will be let only to those 
contractors who use vehicles licensed by the Interstate Commerce 
Comnnission specifically for the transportation of explosives and 
other dangerous articles. 

56. Special shipping requirements.—a. When explosives and 
ammunition are shipped, the material will be indentified care- 
fully on bills of lading or shipping tickets by shipping name, 
caliber, type, mark or model number, manufacturer’s name or 
initials, lot number, and such other information as may be re- 
quired by additional instructions issued by the Chief of Ordnance. 

57. Safety regulations for shipments.—a. The commanding 
officer will obtain and Keep available for reference the following: 

(1) Copies of Interstate Commerce Commission regulations, 
including Part 7, Motor Carrier Safety Regulations; 

(2) Bureau of Explosives Pamphlet No. 6; 

(3) Regulations Governing the Transportation, Storage, 
Stowage, or Use of Explosives or Other Dangerous Articles, or 
Substances and Combustible Liquids on Board Vessels, pub- 
lished by the Bureau of Marine Inspection and Navigation, 
United States Department of Commerce; 

(4) Copies of State and municipal laws, and port or harbor 
regulations which are applicable to shipments from his establish- 
ment. 

6. Any shipment received in badly damaged condition will be 
reported in detail to the Chief of Ordnance. 

c. Containers of explosives or ammunition will not be opened 
or repaired in any car, boat, truck, or magazine containing 
explosives or ammunition. Ordinarily this work will be done 
in buildings specifically designated for such work. In clear 
weather it may be done in the open, at a distance of not less 
than 100 feet from the magazine, car, boat, or truck; but in no 
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case at a distance less than that prescribed in the intra-plant 
quantity-distance table for the quantity of explosives involved 
in the operation. 

d. Cars, boats, or motortrucks in which explosives or ammuni- 
tion are recieved will be inspected by a competent person after 
unloading, to see that they are clean and free from loose explo- 
sives or other inflammable materials, and that explosives plac- 
ards are removed. Explosives sweepings will be destroyed. 

e. During the loading and unloading of cars and trucks if the 
cars or trucks are on a grade the brakes will be set and the wheels 
will be checked. 

f. Explosives and Sintaaaitioa will be handled carefully. Bale 
hooks will not be used, and containers will not be tumbled, 
dragged, thrown, or dropped on each other or on the floor. 

g. If artificial light is required to examine shipments of ex- 
plosives and ammunition, only such lights as comply with the 
requirements of paragraph 169e will be used. 

h. If the loading or unloading of cars is not completed during 
working hours, car doors will be closed and locked or sealed. 

4. Doors to cars or magazines will be closed when locomotives 
which do not comply with the provisions of paragraph 7a (21) 
are passing. 

j. If the loading or unloading is done outside the magazine 
area, fire hazards such as leaves, dry grass, and other com- 
bustible materials will be removed from the immediate vicinity, 
and fire-fighting equipment must be readily available. 

k. A permanent record of car numbers and seals will be kept. 

t. Motortrucks used for the transportation of explosives and 
ammunition will be inspected regularly by a competent person 
to see that electric wiring, lights, brakes, gasoline tanks and 
lines are in good working order and that oil pans under engines 
are clean. The fire-fighting equipment, carried on the truck, 
will be inspected to see that it is adequate and in good working 
order. | 

m. Drivers of motortrucks and those in charge of convoys will 
be carefully instructed and thoroughly informed regarding safety 
regulations covering the transportation of explosives and other 
dangerous articles. 

nm. Danger flags and placards will be used on all trucks as re- 


quired by Army regulations. 
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SEcTION VII 


SURVEILLANCE, INSPECTION OF SMOKELESS POW- 
DER AND MAINTENANCE, SALVAGE AND DESTRUC- 
TION OF EXPLOSIVES AND AMMUNITION 


Paragraph 
GenGr ln 2262 Se oa oo eee hee 58 
Surveillance 222032 ee a eee ee oe eee 59 
Stability tests of smokeless powder_-._..._____~.--.__--~-__--~_ 60 
Maintenance. 222622252 eia a oe ee eee eee 61 
SAIV ORG css se ee a i ee wese 82 
Special safety regulations for maintenance and salvage._.___.--_ 63 
Destruction of explosives and ammunition--_~ ~-_~-_--_._.__-__- 64 
Special safety regulations for the destruction of explosives and am- 
MUN HON ee on Se ew eet cesta ee awe cee oan eee eee Cases 65 
Destruction of specific materials-____---.__--__----_---_-_---.. 66 


58. General.—a. This section contains general safety re- 
quirements and outlines of approved practices for surveillance 
of explosives, inspection of smokeless powder, and maintenance, 
salvage, and destruction of explosives and ammunition. De- 
tailed procedure for inspections and tests will be found in appro- 
priate field service bulletins and inspection manuals. 

59. Surveillance.—a. The term “surveillance” as used herein 
includes the observation, inspection, investigation, and test of 
explosives and ammunition in storage and use; inspection of 
containers and buildings in which they are stored, and the in- 
spection of facilities and methods used in storing, handling, 
shipping, maintaining, renovating, salvaging, and destroying 
explosives and ammunition. . 

b. The purpose of surveillance is to detect in stores of explo- 
sives and ammunition all conditions tending to increase deteri- 
oration or danger ; to determine the state or nature of deteriora- 
tion and the degree of serviceability, and to segregate seriously 
unstable munitions. 

c. The Chief of Ordnance exercises general supervision over 
the surveilance of all explosives and ammunition in storage and 
service; prescribes the tests, technical methods of inspections ta 
be made; and maintains records of the condition of all lots in 
service and storage. 

d. The commanding officer of an ordnance establishment is re- 
sponsible to the Chief of Ordnance that all ammunition and 
explosives at his establishment are subjected to proper sur- 
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veillance; that the results of surveillance tests and inspections 
are promptly reported; that the Chief of Ordnance has a record 
by lot number of the condition of all ammunition and explosives 
on hand. 

e. Ammunition inspectors are personnel trained in the sur- 
veillance of explosives and ammunition. They are appointed 
and assigned by the Chief of Ordnance, but are under the control 
and supervision of the commanding officer. 

60. Stability tests of smokeless powder.—a. Any nitrocel- 
lulose powder will gradully decompose at high temperatures, 
and as the temperature increases above 70° F., the rate of de- 
composition increases with corresponding rapidity. At ordinary 
temperatures, such as are found in magazines, the decomposition 
of serviceable powder is very slow; but it may be expected that 
any smokeless powder will deteriorate in the course of time. As 
decomposition proceeds, the ballistic qualities of the powder be- 
come impaired, and decomposition gradually continues to the 
point where spontaneous ignition may occur. 

b. In order to estimate the remaining life of smokeless powder 
so that it may be used while still serviceable; and to insure 
withdrawal of powder from service before it becomes danger- 
ously deteriorated, it is necessary to conduct periodic inspections 
and tests to determine stability or degrees of serviceability. 
Such inspections and tests are prescribed by the Chief of Ord- 
nance field service bulletins or by specific instructions, as condi- 
tions may require. 

c. All personnel engaged in the inspection of smokeless powder 
must be familiar with the characteristics of decomposing powder. 
Failure to detect a single container of deteriorated powder may 
result in loss by fire of an entire magazine and its contents, 

61. Maintenance.—a. Maintenance comprises the activities 
of reconditioning and renovation. The term “reconditioning” as 
used in this manual applies only to ammunition and explosives, 
and includes such current maintenance operations as removing 
rust, repainting, re-marking, and repacking in new or other sery- 
iceable containers. The term “renovation” includes those main- 
tenance operations necessary to restore to serviceable condition 
an article which has deteriorated and cannot be made serviceable 
by current reconditioning operations. It usually involves re- 
placement of some deteriorated components. 
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b. Some of the more common reconditioning operations such 
as resealing boxes and containers and replacing gaskets may be 
accomplished in routine operations. Repainting, re-marking, 
and repacking will be done in accordance with specific instruc- 
tions from the Chief of Ordnance. 

c. The renovation of a lot of explosives or ammunition will 
not be undertaken except in accordance with the specific direc- 
tions of the Chief of Ordnance. The work usually involves the 
use of special equipment and methods, and requires close super- 
vision to maintain adequate standards of safety as well as to 
assure the desired quality of workmanship. | 

62. Salvage.—a. The term “salvage,” as used herein, includes 
the operations necessary to disassemble or break down ammuni- 
tion and ammunition components in order to recover therefrom 
all materials or components which are or may be made service- 
able, or which may have a money value as scrap. 

b. Salvage operations are conducted in accordance with specific 
instructions from the Chief of Ordnance. 

63. Special safety regulations for maintenance and sal- 
vage.—d. In maintenance and salvage operations, applicable 
regulations as given in paragraph 7 will be observed. Regula- 
tions which apply particularly to maintenance and salvage of 
explosives or ammunition are as follows: 

(1) Ammunition or explosives will not be reconditioned, reno- 
vated, or salvaged within the magazine area unless the site, 
buildings, or cars in which the work is done are devoted ex- 
clusively to such work, and are specifically approved by the Chief 
of Ordnance. 

‘(2) The quantity of explosives or ammunition involved or 
present at any operation at one time will be the minimum quan- 
tity necessary to carry out the operation. 

(3) Maintenance and salvage operations will be carried out in 
conformity with the quantity-distance requirements of section V. 

(4) Placards showing the maximum amount of explosives or 
ammunition, and the maximum number of persons permitted at 
or near each operation, will be conspicuously posted. ‘These 
limits will be strictly observed. 

(5) Hazardous operations, such as those involving the re- 
moval of boosters from shell, and the disassembly of fuzes and 
grenades will be barricaded to reduce operating hazards. 
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(6) Ample fire-fighting facilities will be inspected regularly 
and maintained in good working order. Buildings and facilities 
will be protected from grass fires by adequate fire breaks. 

(7) Broken boxes, loose powder or explosives, waste paper, 
and other combustible materials will not be permitted to ac- 
cumulate. 

(8) The layout and construction of renovation plants shall be 
in conformity with the safety standards prescribed in section 
XXI for manufacturing and loading buildings. 

64. Destruction of explosives and ammunition.—a. Ex- 
plosives and ammunition which are dangerously deteriorated or 
which cannot be economically salvaged will be destroyed. De- 
struction of explosive material will be accomplished by burning, 
exploding, or dumping at sea as specified in following paragraphs 
of this section. Burying explosives or ammunition, or dumping 
them into waste places, pits, wells, marshes, shallow streams, 
or inland waterways is prohibited except as may be authorized 
under the provisions of paragraphs 66a and 259d for black 
powder and chemical ammunition. 

b. Destruction will not be undertaken without prior approval 
of the Chief of Ordnance in each case, except that commanding 
officers may order the immediate destruction of dangerously 
deteriorated explosives or ammunition when in their opinion 
such action is necessary to protect life or property. When de- 
struction is authorized, the provisions of Army Regulations 35— 
6640, Lost, Destroyed, Damaged, or Unservicable Property, will 
be observed. 

c. Instructions for destroying duds are incorporated in appro- 
priate technical and field manuals. 

d. The methods prescribed for the destruction of chemical 
ammunition are contained in part IV of this manual under spe- 
cial rules for the various classes of chemical fillers. 

65. Special safety regulations for the destruction of ex- 
plosives and ammunition.—a. All dry grass, leaves, and other 
combustible materials will be removed within a radius of 200 
feet from the point of destruction. Fire-fighting facilities for 
combating grass fires should be maintained readily available and, 
if practicable, the ground at the point of destruction should be 
wet down with water at the close of each day’s operations. 

b. Explosives and ammunition will not be destroyed by detona-, 
tion if magazines and other buildings are in danger of being dam- 
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aged by fragments or shock. If the distance from the place 
of destruction to magazines or buildings is less than 800 yards, a 
pit or trench which will limit effectively the range of fragments 
will be used. 

c. Demolition of explosives may be accomplished either by the 
use of electric blasting caps with hand exploders (blasting ma- 
chines) or by nonelectric blasting caps and safety fuse. 

d. The signal for detonation will be given by one designated re- 
sponsible individual only, who before each detonation will insure 
that all persons in the vicinity are protected by substantial cover, 
or have reached a safe distance. If a blasting machine is used, 
the wires will not be connected to the terminals until all per- 
sonnel have reached cover. 

e. If nonelectric blasting caps and miners’ safety fuse are to 
be used the fuse will be first tested as follows: A piece of fuse 12 
inches long will be cut from the roll to be used and burned to 
determine the approximate time rate of burning in order that 
sufficient length of fuse will be used to permit all personnel to 
retire to a safe distance. The rate of burning of fuse varies with 
atmospheric conditions, degree of tightness of tamping, etc. 
Fuse which is too large in diameter to enter the blasting cap 
without forcing will not be used. 

f. Electric blasting caps are exploded by an electric current. 
Nonelectric blasting caps are exploded by flame or sparks from 
safety fuse. Both types of caps are copper cylinders loaded with 
very sensitive and violent explosives and must be handled with 
extreme care. The use of improvised methods for exploding 
blasting caps is prohibited. 

g. One-half pound TNT blocks, one-quarter pound or one-half 
pound blocks of nitrostarch explosives are provided for demoli- 
tion purposes. These blocks must not be broken into smaller 
pieces. 

h. Material to be burned will be always removed from con- 
tainers as attempts to burn certain explosives or ammunition 
under even slight confinement may result in explosions. 

4. The amount of material to be destroyed at one time will 
be kept at the minimum consistent with reasonable and safe 
operation. The number of units that may be destroyed safely 
at one time will be determined carefully by starting with a lim- 
ited number and then gradually increasing that number until 
the maximum which can be destroyed without risks to life and 
property is determined. 
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j. As some types of ammunition are rather difficult to explode, 
a search of the surrounding grounds should be made after each 
blast and any dangerous material which has been thrown from 
the pit and not detonated should be collected and destroyed. 

k. Material awaiting destruction will be protected against acci- 
dental ignition or explosion from fragments, grass fires, or burn- 
ing embers. The base of supplies should be so isolated that if 
explosives should burn or detonate prematurely, surrounding 
property will not be damaged. 

l. In repeated burning operations, care will be taken to guard 
against material being ignited from burning residue or heat re- 
tained in the ground. 

m. Sufficient and suitable protection for personnel must be 
provided in the form of temporary or permanent barricades, de- 
pending on local conditions. Necessary action will be taken to 
insure that barricades are used and safety distances observed by 
all persons. In cases of misfire, personnel will not approach the 
pit, trench, or point of detonation until a period of 30 minutes 
has elapsed. 

n. The destruction of ammunition by explosion or detonation 
requires very careful control by those in charge. Such work 
will not be attempted with inexperienced or untrained personnel. 
The number of employees engaged in such operations will be 
maintained at the minimum consistent with safety. 

o. In the absence of specific regulations or information cover- 
ing any phase of the destruction of explosive material, instruc- 
tions will be requested from the Chief of Ordnance. 

p. At establishments which are located near a deep-sea water- 
way, and which are too restricted in area to make burning or de- 
tonating safe, explosives or ammunition to be destroyed may be 
placed on barges, towed out to sea, and thrown overboard. In 
this case, however, the port authorities will be consulted, and 
their regulations regarding the transfer and disposal of material 
of this nature will be observed. The material will be removed 
from containers before being dumped overboard. Instances are 
on record in which ammunition thrown overboard in heavy 
containers has washed up on shore from great distances and 
depths. 

66. Destruction of specific materials.—a. Black powder.— 
The safest method of destroying black powder is to dump it into 
a stream or body of water; but if no suitable body of water is 
convenient, it may be burned. In opening containers, safety 
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tools only will be used. The contents of one container only will 
be burned at one time. The powder must be removed from the 
container and spread out on the ground in a trail about 2 inches 
wide, care being taken that no part of the trail parallels another 
part at a distance of less than 10 feet. A train of inflammable 
material, such as excelsior, should be used to ignite the powder. 
Emptied containers will be washed out, as serious explosions 
have occurred with supposedly empty black-powder cans. 

b. Bulk high ewplosives.—Bulk high explosives such as TNT, 
explosive D, and tetryl should be destroyed by burning. The 
explosive to be burned will be removed from containers and 
spread in layers not over 8 inches thick upon a layer of com- 
bustible material such as excelsior. A train of this material 
should be used to ignite the explosive. Not more than 500 
pounds will be burned at one time. Applicable safety regula- 
tions contained in paragraph 84 will be observed. If it becomes 
necessary to destroy other explosives, such as fulminate of 
mercury or dynamite, special instructions will be furnished by 
the Chief of Ordnance. 

a. Smokeless powder.—Smokeless powder may be destroyed 
with safety by burning, if the powder is removed from con- 
tainers and spread out on bare ground in a train. The train 
should be limited in width and thickness, depending upon the 
granulation and type of the powder. Safe dimensions are de- 
termined by starting with a small quantity and increasing this 
progressively until the maximum quantity which may be safely 
burned at one time is reached. A train of combustible material 
about 25 feet long on the windward side should be used to 
ignite the powder. General safety regulations contained in 
paragraph 95 will be observed. 

d. Propelling charges.—(1) Separate loading propelling 
charges should be removed to the burning ground to be 
destroyed. Bags will be cut open carefully. The smokeless 
powder will be properly spread, and burned as described in 
paragraph c. 

(2) The igniters will be destroyed by first cutting the pads 
open and removing the black powder. The powder then will be 
destroyed as prescribed in paragraph 66a. The empty powder 
bags, including the empty igniter pads, will be disposed of by 
burning in small quantities. 

e. Artillery shell.—The following procedure refers to separate 
loading shell. Fixed ammunition rarely deteriorates to such 
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an extent that it must be destroyed rather than salvaged, but 
where such action is necessary, shell disassembled from fixed 
rounds will be destroyed in the same manner as prescribed 
below for separate loading shell. 

(1) When an artillery range or similar large area is not 
available for the safe destruction of separate loading shell by 
detonation a pit or trench about 4 feet deep should be used. 
By covering the shell with 2 or more feet of earth the range of 
frangments may be reduced. 

(2) The projectile to be destroyed is placed on its side in 
the pit and the required number of demolition blocks as pre- 
scribed in the following table will be placed in intimate contact 
with the side of the projectile and held in position by earth 
packed around the projectile. 

(3) The following table indicates the number of demolition 
blocks which should be sufficient to destroy shell of the calibers 
shown. 


Nember of 
demolition 
Caliber of shell blocks 

Sit-mm.. and 2.24-inehocec.e22 -  osee eee asta eee 1 
2.90-Inch,. ‘75 ‘mm, d-1nGhs 5 25o6 ose eee eee cbse. 2 
4.7-inch, 155 mm., 6-inch____--~------------------------- 3 
8-inch, 9.2-inch, 240 mm____---~--.------.------.--.--..- 3 
10-inch, 12-inch, 14-inch, 16-inch_--~---------------_----__ 5-6 


(4) After the last shot the ground in the vicinity will be 
searched for any unexploded material. Any such material 
found will be destroyed by repeating the operations outlined 
above. 

(5) The general safety regulations for the destruction of 
ammunition given in this manual will be complied with. 

f. Bombs.—Bombs should be destroyed in accordance with 
instructions set forth in paragraph e, for destroying artillery 
shell. However, demolition bombs have such thin walls, con- 
tain so much more explosive than artillery shell of corresponding 
weights, and usually detonate so completely that extreme pre- 
cautions must be taken to avoid structural damage to buildings 
and injury to personnel. The destruction of bombs larger than 
100-pound bombs should not be undertaken without the specific 
approval of the Chief of Ordnance. Bombs in the immediate 
vicinity awaiting destruction should be segregated in small piles 
100 feet or more apart and at least 300 feet from the detonating 
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pit. Extreme precautions must be taken to protect bombs 
awaiting destruction against accidental initiation by fire, frag- 
ments, or propagation. 

g. Light mortar shell.—Light mortar shell should be de- 
stroyed in accordance with instructions for destroying artillery 
shell as set forth in paragraph e. However, light mortar shell 
contain a larger bursting charge than artillery shell of the same 
caliber and have relatively thin walls. Care will be taken to 
limit the number destroyed at any one time and to protect shell 
awaiting destruction from flying fragments. 

h. Small-arms ammunition.—Small-arms ammunition should 
be destroyed in a pit which is approximately 6 feet square and 
4 feet deep. An inclined chute, such as a piece of pipe, should 
- be provided, and this chute should be placed so that one end is 
over the center of the pit and the other behind a barricade. 
Precautions should be taken to baffle the open end behind a 
barricade, or locate it so that the operator cannot look down the 
pipe. A hot fire should be built in the pit and then the pit 
should be covered with a piece of sheet iron or other suitable 
material to confine flying fragments. Cartridges should be fed 
into the fire through the pipe. Care should be taken to prevent 
an accumulation of unexploded ammunition in the pit. 

i. Fuzes, detonators, adapters, boosters, etc—(1) Loaded com- 
ponents, such as artillery fuzes, grenade fuzes, boosters, detona- 
tors, and similar material, except primers, May be destroyed 
either by burning or by exploding. In the destruction by burn- 
ing these components will be destroyed one at a time in the same 
manner as outlined above for small-arms ammunition. 

(2) In accomplishing the destruction of these components by . 
explosion a small number of components, depending upon the 
type and kind, should be placed in an open container in a pit or 
trench about 4 feet deep. On top of each container, and in 
intimate contact with them, should be placed one or more demo- 
lition blocks to be exploded with electric blasting caps or with 
blasting caps and safety fuse, observing the safety precautions 
outlined in paragraph 65. 

j. Primers.—(1) In the destruction of primers, except 100- 
grain or 110-grain primers, a trench approximately 2 feet deep, 
1 foot wide, and of sufficient length to accommodate the number 
of primers to be burned at one time, should be prepared with 
a quantity of excelsior or similar combustible material sufficient 
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to insure a hot fire throughout its length. The primers should 
be removed from boxes and placed on the excelsior before the 
fire is lighted. Pasteboard cartons need not be opened before 
they are placed in the trench. A piece of sheet metal should be 
placed over the trench, to confine fragments as much as possible. 
Sufficient space should be left to allow a draft through the 
trench. After the primers and cover are in place, a train of 
combustible material leading into the pit should be prepared and 
lighted. Personnel should then take cover or withdraw to a 
safe distance. 

(2) Large primers, such as 100-grain and 110-grain primers 
are subject to explosion en masse if destroyed in large quantities 
by burning. ‘These types should be destroyed as described in 
subparagraph h above, except that only one primer will be 
dropped down the chute, and the operator will wait until it has 
exploded before introducing another primer into the chute. 

(3) The stock of primers awaiting destruction will not be 
allowed within 300 feet of the burning operations, and great 
eare will be taken to protect the pile from accidental ignition . 
by flying fragments or sparks. This stock will be limited to a 
day’s supply. Other applicable regulations, contained in para- 
graph 65 will be strictly observed. 

k. Grenades.—Fragmentation grenades may be destroyed by 
explosion in a manner similar to that prescribed for separate 
loading projectiles. Quantities of not more than 20 grenades 
will be piled in close contact in the pit. Three demolition blocks 
placed on top of the pile should be sufficient to accomplish de- 
struction. 

l. Pyrotechnics.—Pyrotechnics, except parachute flares and 
photoflash bombs, will be destroyed by burning in a pit in a 
manner similar to that prescribed for primers. Parachute flares 
will be destroyed by burning on the ground in the open. Indi- 
vidual flares should be separated by a distance of at least 4 feet 
and placed on top of a layer of combustible material. After 
lighting the train of combustible material, personnel should take 
cover or withdraw to a safe distance. Photoflash bombs will 
be destroyed as prescribed in paragraph 66e for artillery shell 
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67. General.—a. Black powder is regarded as one of the 
worst known explosive hazards. When ignited unconfined it 
burns with explosive violence, and will explode if ignited under 
even slight confinement. It can be ee on by very small 
sparks, heat, and friction. 

b. Army black powder is classed as a ioe explosive. It isa 
black, granular, mechanical mixture of potassium nitrate, char- 
coal, and sulphur. When glazed with graphite it has a bright, 
polished appearance. It is subject to rapid deterioration in the 
presence of moisture, but if kept dry retains its explosive prop- 
erties for many years. 

c. Each lot has certain characteristics and properties which 
make it necessary to maintain carefully the identity of all powder 
in the lot. A history of the manufacture of each lot is filed 
in the office of the Chief of Ordnance and is used to investigate 
any unusual action or deterioration occurring in service or in 
storage. 

d. Army black powder is used for the ignition of smokeless 
powder propelling charges, airplane flares, and bursting charges 
of hand grenades; aS a bursting charge in shrapnel, practice 
bombs, and practice trench-mortar shell; in saluting charges, 
smoke-puff charges, time and percussion fuzes, pellets, primers, 
and primer-detonators; and in expelling charges of pyrotechnic 
signals. 

68. Grades.—a. Army black powder is designated by one 
grade of five granulations designated by numbers, in accordance 
with the provisions of United States Army Specification No. 
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50-14-1, Army Black Powder. The uses of the granulations are 
substantially as follows: 





Designation Typical uses 


renee leer ee 


Army black powder: 
rade A, No.1... Bete ee ee een SO MICAS ChSTESe 


rade A, No.4... Base charges for shrapnel, base charges for fuzes, primers, 
smoke-puff charges, bursting charges for practice bombs, 
here loaded projectiles, and certain subcaliber shell. 
Grade A, No. 5....| Pellets for primers and fuzes. 
Grade A, No. 6....] Pellets for primers and fuzes. 





Granulations No. 1, No. 3, and No. 4 are glazed; No. 5 and No. 6 are unglazed. 


b. The above grades are strictly Army designations and should 
not be confused with commercial grading. Commercial grades 
are indicated by the following abbreviations: 

Potassium-nitrate powders, A powders. 

Sodium-nitrate powders, B powders. 

UG, unglazed; G, glazed ; C, coarse; F’, fine. 

Thus, the designation AFFFG means a commercial potassium 
nitrate, glazed powder of triple F granulation (very fine), which 
is about the same size as Army grade A-4. 

c. Time fuze powder is covered by United States Army Specifi- 
cation No. 50-14-6 (latest revision), Fuze Powders. Two types 
of time fuze powders are listed: Types I and II, which are 
blended to obtain the desired rate of burning for any fuze. 

d. Sodium nitrate black powder is substituted in some cases for 
Army black powder because of its relatively lower cost. It is 
covered by United States Army Specification No. 50-14—4 (latest 
revision), Sodium Nitrate Black Powder. The specification 
covers one grade as follows: 

Class A: For use in saluting charges. 

Class B: For use in practice bombs. 

Sodium nitrate black powder is more hygroscopic than Army 
black powder. Sodium nitrate black powder pellets are used in 
blank ammunition for cannon, and in practice shell. Specifica- 
tions covering the pellets may be found on current Ordnance 
drawings. 

69. Packing and marking.—a. The standard container for 
Army black powder is a metal keg of 25 pounds capacity built in 
accordance with Ordnance specifications, or a commercial drum 
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of equal quality and capacity complying with Interstate Com- 
merce Commission regulations. 

b. Black powder in the form of igniting charges may be packed 
in airtight, metal-lined containers, complying with Interstate 
Commerce Commission regulations; but the amount of black 
powder packed in one container is limited to 50 pounds. 

c. In addition to the marking prescribed by Interstate Com- 
merce Commission regulations the following identifying data 
should appear on Army black powder containers: 

(1) Ordnance contract number. 

(2) Manufacturer’s name. 

(3) Plant symbols or key letter. 

(4) Name and grade of oe 

(5) Army lot number. 

(6) Net weight and gross ce 

70. Storage and shipping.—a. Ordnance drawings show the 
recommended method of piling black powder in metal containers. 
This method will be followed when new stocks are received or 
existing stocks are repiled. 

b. When black powder is shipped or received, each container 
will be inspected for holes and weak spots. They will be exam- 
ined particularly for small holes, such as those made by nails, 
which are visible only upon close examination. Damaged con- 
tainers will not be repaired; the contents will be transferred to 
new or serviceable containers. : 

c. Metal containers for export shipment will be crated. 
Usually two containers are packed in each crate. 

71. Maintenance.—a. Repainting of containers and repack- 
ing of black powder contained in damaged or unserviceable con- 
tainers constitute the principal maintenance activities. Black 
powder containers are subject to sweating, which rusts metal 
drums or kegs, so repainting is necessary to keep containers 
serviceable. Repainting will not be done in a magazine in which 
explosives or ammunition are stored. It may be done in a nearby 
empty magazine, or in clear weather in the open at least 100 feet 
from the nearest magazine. The quantity of black powder at 
or near such operations will be limited to 100 pounds. The 
marking on repainted containers will be checked carefully to see 
that it is a facsimile of the old. 

b. The metal caps on certain types of black powder containers 
deteriorate in storage. Replacement of these caps is allowed, 
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but the same safety precautions as outlined above for repainting 
containers will be followed. 

c. Operations such as the removal of black powder from con- 
tainers and its transfer from unserviceable to serviceable drums 
will be conducted in strict compliance with applicable portions 
of the safety regulations for black powder charges, as described 
in the following paragraph. 

72. Black powder charges.—a. The assembly of blank am- 
munition for cannon and saluting charges will be conducted in 
accordance with special instructions furnished by the Chief of 
Ordnance. 

b. Blank ammunition may be loaded with either: 

(1) Army black powder in bags. 

(2) Sodium nitrate black powder in bags. 

(3) Sodium black powder in pellet form. 

Sodium nitrate black powder is available commercially and at 
a cost somewhat less than Army black powder, which contains 
potassium nitrate. Commercial sodium nitrate black powder 
pellets wrapped in cellophane are being used extensively. The 
pellet form of this powder greatly facilitates loading and reduces 
assembly hazards. Pellets are supplied in single and double 
units for reduced and full charges, respectively. Because so- 
dium nitrate black powder is more hygroscopic than Army black 
powder, additional care is necessary in storing and handling to 
prevent exposure to moisture, 

c. Precautions similar to those applying to the assembly of 
other ammunition will be followed in assembling blank am- 
munition and saluting charges. Particular caution must be 
exercised because of the treacherous nature of black powder. 
The following general safety regulations will be complied with 
in the assembly of black ammunition and saluting charges: 

(1) Black powder operations should be conducted in special 
buildings which will not be used for other purposes at the 
same time. 

(2) The floor of the building in which black powder is handled 
will be surfaced with suitable material. 

(3) Intraplant quantity-distance requirements for high ex- 
plosives as given in this manual will be followed. 

(4) Absolute cleanliness will be maintained at all times in 
and around each operation. 
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(5) Noninsulating safety shoes will be worn by personnel in 
all assembly operations. 

(6) All equipment will be electrically grounded, and it should 
be determined by test that all parts of the equipment are 
effectively grounded. 

(7) Empty metal containers which have held black powder 
will be thoroughly washed inside with water before they are 
disposed of. Serious explosions have occurred with supposedly 
empty cans. Wooden containers will be destroyed by burning. 

(8) Safety tools only will be used in opening or closing con- 
tainers or in handling black powder. 

(9) Processes should be so laid out as to bring about fre- 
quent grounding of operators. 

73. Fires.—a. Most black powder fires start from sparks, and 
ignition results in an explosion so quickly that no attempt can 
be made to fight the fire. Every effort will be made to prevent 
fire from reaching stores of black powder, but if this fails, fire- 
fighting forces will be withdrawn at least 800 feet from the 
fire, and will protect themselves against an explosion by seeking 
any cover available, or by lying flat on the ground. 

b. If an explosion should occur, every effort will be made to 
prevent flames from spreading to adjacent magazines. TFire- 
fighting forces must be cautious in approaching a fire which 
may involve black powder to avoid being trapped or injured by 
an explosion. 

74. Safety precautions.—a. Most explosions of black powder 
originate from sparks, and the safety rules contained in the 
following paragraphs will be strictly enforced and obeyed. 

b. A container will not be opened in a magazine in which 
explosives or ammunition are stored. This will be done only in 
a room or building free from all other explosives or ammunition, 
or in suitable weather in the open at least 100 feet from the 
nearest magazine. The quantity at or near such an operation . 
will be limited to 100 pounds. 

c. Safety tools only will be used in opening or closing con- 
tainers, or in other operations involving black powder. 

d. Safety shoes will be worn in all rooms in which black 
powder is handled, and by all persons engaged in handling black 
powder; the wearing of nonconductive shoes such as rubber is 
prohibited. : 
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e. If the handling of black powder is carried on over a con- 
crete floor, the fioor will be covered with a tarpaulin, or other 
suitable material. 

f. Loose black powder is extremely dangerous. Whenever it 
is necessary to handle loose black powder not over 50 pounds 
of powder in open containers and 50 pounds in closed containers 
will be permitted at or near such operations. 

g. If black powder is spilled on benches or floors all work 
will be stopped until the powder has been removed and the 
explosive hazard of any remaining dust or fine particles has 
been neutralized with water. 

h. Rooms or buildings in which black powder is handled will 
be inspected frequently for the presence of black-powder dust; 
and all such dust will be immediately removed with water. 
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75. General.—a. Trinitrotoluene (TNT), ammonium picrate 
(explosive D), tetryl, picric acid, and ammonium nitrate may be 
stored in large quantities at Ordnance establishments. The stor- 
age, in small amounts, of such materials as mercury fulminate 
and lead azide will be governed by the provisions stated for 
such materials in section XXII, Storage and Handling of Haz 
ardous Raw Materials, Explosives and Inflammables. When it 
is necessary to store substantial amounts (more than a few 
pounds) of these latter explosives, or of explosives not covered 
in this section IX, special regulations will be furnished by the 
Chief of Ordnance as required. 

76. TNT.—a. Trinitrotoluene, as stored in bulk, is in the 

‘form of flakes or small crystals varying in color from buff to 
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brown. It is very stable, and does not form sensitive com- 
pounds with metals. It ignites by friction, shock, or spark, and 
burns readily like a tar or resin. If burned in large quantities 
it may detonate. 

b. TNT is used in boosters, as the bursting charge of shell 
and bombs, in some primer mixtures, and for demolition blocks. 
When combined with ammonium nitrate, the resulting explosion 
mixture is known as amatol. This mixture is designated as 
50-50 amatol or 80-20 amatol, depending upon the approximate 
proportions of ammonium nitrate and TNT respectively. 

c. A lot of TNT usually ranges from 5,000 to 100,000 pounds. 
As each lot has definite characteristics its identity must be 
carefully maintained. A history of the manufacture of each 
lot is filed in the office of the Chief of Ordnance and is used in 
the investigation of any unusual action or deterioration occur- 
ring in service or in storage. 

d. TNT is graded in accordance with United States Army Speci- 
ficatidn No. 50—-13-5. 

77. Explosive D.—a. Explosive D (ammounium picrate) is 
a high explosive which in bulk appears in the form of finely 
divided crystals varying in color from yellow to orange-brown. 
It stains the human hair and skin yellow. Explosive D is 
less sensitive than TNT, is highly inflammable, and may be 
ignited by friction, heat, or sparks. It can be exploded by severe 
shock, friction, or heat and may detonate on burning. It reacts 
with lead and some other metals to form sensitive picrates, but 
in this respect is less active than picrid acid. 

b. Explosive D is used as a bursting charge for all projectiles 
which must withstand severe stresses and shocks before detonat- 
ing; such as armor-piercing projectiles. 

c. Ammonium picrate which has been pressed at a shell-load- 
ing plant and removed from shells is much more sensitive to 
shock than new material. If it becomes necessary to store this 
material, special precautions should be observed in protecting it 
against shock or fire. Preferably, it should be stored in a 
building by itself. 

78. Ammonium nitrate——a. Ammonium nitrate is a crystal- 
line powder varying in color from almost white to brown. It is 
mixed with TNT in the manufacture of amatol, which is used 
primarily as a bursting charge in demolition bombs. Ammonium 
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nitrate usually can not be detonated by heat or friction but may 

be exploded by a sufficiently heavy initiation. It may be ex-’ 
ploded by relatively light initiation if it has been sensitized by 

certain impurities, among which are many carbonaceous mate- 

rials. Ammonium nitrate is not very inflammable at atmospheric 

temperatures, but fires involving ammonium nitrate in large 

quantities become an explosive hazard. 

b. When stored in approved metal containers in a high explo- 
sives storage area the quantities and distances for high explosives 
storage will be complied with. When stored in an area with 
inflammable materials, which area is separated from buildings 
containing high explosives by inhabited building distances as 
set forth in section V of this manual, ammonium nitrate may 
be stored in accordance with the safety-distance regulations 
for smokeless powder. 

c. The standard container for ammonium nitrate is a moisture- 
proof metal container approved by the Ordnance Department and 
complying with Interstate Commerce Commission regulations. 
Each container must be marked as prescribed by United States 
Army Specifications. 

79. Tetryl.—da. Tetryl is a yellow crystalline powder. It 
‘burns readily and is more sensitive than TNT. It ignites from 
friction, shock, or sparks, and is quite likely to detonate if burned 
in large quantities. Special precautions must be taken to pre- 
vent ignition or explosion from friction or blows due to rough 
handling. 

b. Tetryl is used in loading boosters and the booster cavities 
of fuzes. Lots of tetryl are limited to a maximum of 50,000 
pounds. The history of each lot is recorded as for TNT. 

80. Packing and marking.—4a. The containers used for pack- 
ing bulk high explosives will comply with Interstate Commerce 
Commission regulations, and Ordnance drawings and specifica- 
tions. All containers must be lined with strong sift-proof cloth 
or paper bags, or liners with cemented seams and closures. In 
addition to the markings prescribed by Interstate Commerce Com- 
mission regulations, the following indentifying data should appear 
on the container: Ordnance contract number, place, and data 
of manufacture, lot number, name, and grade of material, and 
net weight. 

81. Storage.—a. Containers of high explosives will be stored 
with the top side up to prevent the explosive from sifting out, 
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new stocks will be piled, and existing stocks rearranged in com- 
pliance with applicable Ordnance Department drawings. 

82. Maintenance.—a. High explosives are usually very stable 
in storage, but their containers are subject to deterioration. 
Damaged or deteriorated containers will be repaired, or their 
contents transferred to new or serviceable containers. This 
work will be done in a room or building free from all other ex- 
plosives or in suitable weather in the open, at sufficient distance 
to comply with quantity-distance tables requirements, but in no 
case closer than 100 feet from any building containing explosives 
or ammunition. The amount of explosives at or near such oper- 
ations will be limited to one open container of 100 pounds and 
four closed containers. Safety tools will be used for all re- 
packing or repairing operations. The contents of damaged con- 
tainers will be examined for the presence of dirt or foreign 
matter, which must be removed before repairing or repacking. 

b. If a standard container is not available for repacking, a 
strong wooden box not exceeding 140 pounds gross weight when 
packed will be used. Such containers will be lined carefully as 
specified for the standard container. Containers will be marked 
to comply with Interstate Commerce Commission regulations. 

83. Fires.—If a fire occurs in explosives stored in wooden 
boxes, the explosives usually will burn quietly, but may detonate. 
If the fire has gained considerable headway before it is discov- 
ered, no attempt should be made to fight the fire. The magazine 
should be abandoned and the efforts of fire-fighting forces should 
be directed toward preventing the spread of fire to other maga- 
zines. Fire-fighting forces will not go closer than adjacent 
magazines, and will protect themselves against a possible ex- 
plosion by taking advantage of available cover, or by lying flat 
on the ground . | 

84. Safety precautions.—Safety shoes will be worn in re- 
packing rooms or buildings, and whenever loose high explosives 
are handled. The wearing of safety shoes by personnel handling 
high explosives in boxes or other containers is at the discretion 
of the commanding officer, who should be guided in his decision 
by existing conditions. Boxes containing high explosives will be 
opened and repaired with safety tools. Containers will not be 
opened in a magazine in which explosives or ammunition are 
stored. 
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85. General.—a. A complete description of the manufacture 
and properties of smokeless powder will be found in TM 9-2900, 
Military Explosives. Only those properties which are important 
from a storage and surveillance standpoint are outlined herein. 

b. Smokeless powder is designed to contain a definite percent- 
age of residual volatiles in the finished grain. It is essential that 
this percentage remain as constant as possible during the time 
the powder is in service or storage. Any change in the per- 
centage of volatiles affects the ballistics and stability of the 
powder, so it is packed in airtight containers. When a container 
of nitrocellulose powder is opened, an odor of ether and alcohol 
will be noted, which is a normal condition. 

c. Small amounts of unconfined smokeless powder burn with 
little smoke or ash and without explosion. When confined, or 
in large quantities, the rate of burning increases with the tem- 
perature and pressure. Under certain conditions, with sufficient 
initiation, smokeless powder has been known to detonate. 

d. Salvaged or deteriorated smokeless powder must be shipped 
under water in containers such as boxes, barrels, or tank cars 
which comply with the Interstate Commerce Commission 
regulations. 

86. Cannon powder.—a. Service smokeless powder forms the 
propelling charge for fixed and separate loading ammunition 
used in all Army cannon. Propelling charges are ignited by a 
primer containing a charge of black powder or a primer and an 
igniter charge of black powder. 

b. Smokeless powder for cannon, in lots of approximately 
100,000 pounds, is manufactured under uniform conditions, 
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grained to a uniform size, and blended to contain a uniform 
amount of residual volatiles. The characteristics and properties 
peculiar to each lot require that its identity be maintained care- 
fully until it is used or withdrawn from service. For each lot 
there is prepared and filed in the office of the Chief of Ordnance 
a description sheet which contains the details of manufacture 
and all chemical and physical tests made on the raw materials 
and finished powder. These sheets are supplemented by reports 
of ballistic tests made in proof firing the lot of powder, and 
establishing the weight of charge. ‘These records are referred to 
in making investigations of unusual results, abnormal! deteriora- 
tion, or other difficulties encountered or noted in service or in 
storage. | 

87. Small-arms powder.—a. Several kinds of smokeless pow- 
ders have been authorized for use in small-arms ammunition. 
Many of these are coated with graphite and have a black polished 
appearance. The powder grains are very small, and ignite more 
readily and burn freely than cannon powder. When moisture is 
present, or abnormal temperatures prevail, they are subject to 
more rapid deterioration than larger grains. Some small-arms 
powders are nearly as sensitive to friction as black powder. 
Special precautions should be taken to avoid friction when these 
powders are handled, and particular attention should be given 
to spilled powder in operating lines. 

b. Small-arms powders are used as charges in all small-arms 
ammunition such as ball, tracer, incendiary, armor-piercing, and 
blank ammunition used in rifles, machine guns, automatic rifies, 
pistols, and revolvers. They are also used in propelling charges 
for trench-mortar ammunition, 37-mm. cannon, and in blank 
cartridges for grenades and pyrotechnics. Small-arms powder 
lots are smaller than cannon powder lots, varying in size from 
few thousand pounds up to approximately 60,000 pounds. Lots 
of pistol powder are much smaller than those of rifle and ma- 
chine-gun powders. The identity of small-arms powder lots is 
maintained as for cannon powders, and similar description sheets 
are prepared. 

c. Most small-arms powders can be grouped into two general 
classes: nitrocellulose or single-base powders, and nitroglycerine 
or double-base powders. The following are brief descriptions of 
most types of small-arms powders now in service. More detailed 
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information concerning small-arms powders is given in TM9—2900, 
Military Explosives. © 

d. Single-base or so-called “straight nitrocellulose type”: 

(1) B. OC. powder (Eaplosiwes Co. powder).—This powder is 
granulated into small shot-like grains, pink or yellow in color. 
It is used in caliber .30 and caliber .50 blank ammunition, and 
as a bursting charge for grenades. 

(2) Pistol powder No. 5.—This powder is used in caliber .45 
ball cartridges fr pistol and revolver. It is made in the form 
of round flakes. 

(3) IMR 1185.—This is a coated nitrocellulose powder, con- 
taining powdered tin, or tin salts. It is made in the form of 
cylindrical monoperforated grains, and is used in caliber .30 
ball M1, caliber .30 tracer M1, and caliber .30 armor-piercing 
M1 ammunition. Until 1941 it was used in caliber .30 ball M2 
ammunition. It is now superseded by IMR 4676. 

(4) IMR 4676.—This is coated nitrocellulose powder made in 
the form of cylindrical monoperforated grains of shorter length 
than that of IMR 1185. It contains no tin, but a small pro- 
portion of potassium salts for flash elimination. It is used in 
caliber .30 ball M2, caliber .30 armor-piercing M2, and caliber 
380 tracer M1 ammunition. 

(5) IMR 4166.—This is coated nitrocellulose powder made in 
the form of cylindrical, monoperforted grains, containing both 
tin and potassium compounds. It is used in caliber .50 ball, 
armor-piercing, and tracer ammunition. 

e. Double-base, or nitroglycerine type: 

(1) Bulls-eye powder No. 2.—This was used in caliber .45 
pistol ball and tracer ammunition. Its use has been suspended. 

(2) HiVel No. 6.5.—This is coated powder made in the form 
of cylindrical monoperforated grains, containing about 20 percent 
nitroglycerine. It was used in loading about 4 million rounds 
of high velocity armor-piercing caliber .30 ammunition. 

88. Flashless, nonhygroscopic powder.—a. Flashless, non- 
hygroscopic (FNH) powders are used in small-arms and cannon 
ammunition. They are similar in appearance and granulation 
to the older type of straight nitrocellulose, or pyro powder. The 
only marked difference is the absence of the characteristic odor 
of ether and alcohol, generally associated with nitrocellulose 
powder. 

b. Flashless, nonhygroscopic powders will be subjected to the 
same surveillance tests as are prescribed for cannon powder. 
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The regulations governing this type of powder are the same as. 
those for cannon powder. 

89. Nonstandard powder.—At times, powders such as cordite 
or other nonstandard powders may be stored at Ordnance estab- 
lishments. These powders are subject to the same safety regu- 
lations and surveillance tests as are prescribed for standard 
powders. 

90. Packing and marking.—a. Smokeless powder is packed 
in accordance with the following general rules. Specific re- 
quirements for packing are covered in Ordnance drawings, speci- 
fications, and directives. 

(1) The standard container for multiperforated nitrocellulose 
powders with web thickness of 0.019 inch and above is an all- 
steel box of 110 pounds’ capacity, constructed in accordance with 
Ordnance drawings. 

(2) Standard containers for most double base powders, single 
perforated powders, and all powders with web thickness less than 
0.019 inch are metal-lined wooden boxes, constructed in accord- 
ance with Ordnance drawings. 

(3) For temporary storage, or tranaportation to loading 
plants, most powders may be packed in fiber containers in accord- 
ance with instructions issued by the Chief of Ordnance. 

b. In addition to the marking required by Interstate Commerce 
Commission regulations, the following data should appear on 
smokeless powder containers: 

(1) Initials of the manufacturer whose formula is used. 

(2) Type of powder. . 

(3) Manufacturer’s initials. 

(4) Lot number. 

(5) Year of manufacture. 

(6) Caliber of gun for which intended. 

(7) Net weight. 

91. Storage.—a. The methods of piling bulk smokeless pow- 
der in boxes are shown on Ordnance drawings. These drawings 
will be followed when new stock is piled or existing stock 
rearranged. 

b. The stability and useful life of smokeless powder are ad- 
versely affected if it is stored in a damp atmosphere or subjected 
to high temperatures. A combination of the two is particularly 
bad. Magazines for smokeless powder should be dry and the 
ground around them should be well drained. They should have 
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a minimum variation in temperature and a free circulation of 
.cool, dry air, except that a free-circulation of air is not ordinarily 
required for smokeless powder stored in igloo magazines. Small- 
arms powders in bulk are stored in the same manner as cannon 
powders. As they may deteriorate more rapidly than cannon 
powders the selection of proper storage magazines and the main- 
‘tenance of good storage conditions are most important. 

c. Smokeless powder in containers will not be exposed to the 

direct rays of the sun for any long period of time. Containers 
which cannot be placed promptly under cover will be covered 
with a tarpaulin placed so that air can circulate through the 
pile. ’ 
_ d@. Rough handling of smokeless-powder containers is prohib- 
ited, as Seams may be opened in the containers or liners thus 
allowing air and moisture to enter the container, creating con- 
ditions which may seriously affect the life of the powder. 

92. Maintenance.—a. The principal maintenance activities 
are the repair. of damaged containers and the replacement of 
.defective covers and gaskets. Containers for bulk powder are 
not ordinarily air-tested in storage. They are substantially 
‘made and should not develop leaks after they have been filled 
and air-tested, unless they have been subjected to extremely 
rough handling. 

b. Powder will not be stored or shipped in damaged contain- 
ers. The outer or wood container usually can be repaired or 
replaced without removing the contents of the inner container. 
‘This work will be done in a suitable room or building free from 
_all other explosives or ammunition, or in clear weather, in the 
-open, shaded from the sunlight at sufficient distance to comply 
-with quantity-distance tables requirements, but in no case closer 
than 100 feet from any building containing explosives or ammuni- 
tion. Safety tools will be used. 

c. When the inner metal container is damaged, or when 
-powder is to be repacked in new or serviceable containers, all 
repacking will be done in a suitable room or building, free from 
-all other explosives or ammunition, where the powder will not be 
exposed to a damp atmosphere or the direct rays of the sun. 
Each container in which powder is to be repacked will be air- 
-tested both before and after it is filled. This will be done with 
-the air-testing apparatus used for testing the containers for 
separate loading propelling charges, and using a special cover 
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fitted with an air-test hole. The amount of powder at or near 
repacking operations will be limited to that in one open con- 
tainer and nine closed containers. The distance from nearby 
buildings containing explosives will be in accordance with the 
intraplant quantity-distance table, and in no case less than 100 
feet. The inner metal container will not be repaired or soldered. 
until precautions have been taken to insure that it contains 
no loose grains of powder or powder dust. Safety tools only 
will be used. 

93. Fires.—Careful study of the reports of several smokeless: 
powder fires, which have occurred at Ordnance establishments, 
shows that bulk powder in storage constitutes an unusual and 
severe fire hazard which in most cases can be confined to the 
building in which it originates. If a fire is discovered in a 
magazine, there is little chance that the building can be saved,. 
and the efforts of the fire-fighting forces will be confined to pro- 
tecting adjacent magazines. Because of the intense heat gen- 
erated by burning smokeless powder, all fire-fighting equipment 
must be halted at least 200 yards from the fire, and all avail- 
able cover utilized by the fire-fighting forces. A careful watch. 
will be maintained for burning embers and grass fires in order 
to prevent the fire from spreading. If a fire occurs in a maga- 
zine or repacking room where employees are working and in- 
volves only a small amount of loose powder (not more than. 
150 pounds), an effort should be made to control and prevent: 
the spread of the fire. 

94. Explosion hazards of smokeless powder.—a. When 
smokeless powder is stored in magazines in containers or pro- 
pelling charges, there is no evidence to indicate that fires will 
give rise to any unusual hazards. Cases in which pressures. 
great enough to result in structural damage have occurred in- 
volved the burning or explosion of smokeless powder under 
circumstances not ordinarily encountered in the storage of the 
material in containers. It is known that pressure may develop 
when powders having web thicknesses of less than 0.019 inch are 
burned in heavy closed containers. When these powders are 
burned in standard zinc-lined wooden packing boxes, dangerous 
pressures do not develop. Similarly, when double base powder 
or powders of small granulations are burned in uninterrupted 
columns not exceeding certain established critical heights, 
dangerous pressures do not develop. 
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b. There is however incontrovertible evidence that explosions 
of nitrocellulose powders up to large grain sizes are capable of 
being propagated from box to box when they are initiated by 
detonation of high explosives charges. 

95. Safety precautions.—qa. Smokeless powder exposed to 
extremely adverse conditions of moisture and temperature for 
a long period of time may ignite spontaneously. Care will be 
taken to protect powder from excessive temperature and mois- 
ture, as such conditions hasten decomposition. It always must 
be protected from the direct rays of the sun. If powder becomes 
wet or damp, or if there is any reason to suspect that it has been 
exposed to moisture, it will be segregated from other powder 
until it has been found satisfactory by stability tests. When 
leaking containers are discovered an examination of the contents 
will be made for the odor of decomposing powder and the evolu- 
tion of reddish fumes. If any such condition is observed, the 
powder will be segregated or disposed of in accordance with 
pertinent Ordnance field service bulletins. 

b. Powder will always be stored in containers, but should 
‘powder be spilled or powder dust accumulate, it will be removed 
immediately, as loose powder and powder dust are dangerous 
fire hazards. Dragging powder boxes over smokeless powder 
grains has been the cause of serious fires. Extreme care will be 
taken to guard against powder dropping into cracks and crevices 
-or lodging in places where it may remain over a long period of 
time without being detected. It is believed that many fires have 
-occurred from this cause. 

c. In opening containers or repairing damaged boxes contain- 
ing smokeless powder, safety tools will be used, and if powder is 
‘being repacked, the floor will be covered with tarpaulins, and 
‘Safety shoes will be worn. 
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96. General.—a. The regulations for separate loading pro- 
pelling charges are similar to those for bulk smokeless powder. 
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Propelling charges contain black powder ignition charges, but 
because this black powder charge is protected by the cloth bag, 
and the amount of black powder in the igniting charge is rela- 
tively small, the controlling factor in prescribing regulations for 
storage and handling is the smokeless powder content. Details 
of the various types of charges are shown on Ordnance drawings. 

b. A lot of propelling charges consists of all those made from 
one lot of powder, and the lot number is the same as the lot 
number of the powder. Thus it may be possible to have in stor- 
age bulk powder and propelling charges bearing the same lot 
number. The identity of all propelling charges in a lot must 
be carefully maintained as each lot has certain characteristics, 
such as the weight of charge, which are different from all other 
lots. 

Cc. The regulations regarding fires and safety pédeautions are 
the same as for smokeless powder in bulk as contained in sec- 
tion X. However, if propelling charges become damaged in 
such a manner that the igniting charge has been broken, the 
propelling charge will be handled under the safety regulations 
prescribed for black powder. 

97. Packing and marking.—a. The standard container for 
all separate loading propelling charges or sections of propelling 
charges, with the exception of those for mobile artillery weapons, 
is an airtight, cylindrical, metal container designated as a car- 
tridge storage case. 

b. The standard container for propelling charges for separate 
loading mobile artillery weapons is a slip cover fiber container 
of the type used in packing artillery complete rounds for one 
or two charges. These containers are similar in size to the 
metal containers formerly used in packing these charges. Since 
these containers are not absolutely airtight, they are not pro- 
vided with test holes for making air tests. Propelling charges 
in fiber containers are shipped in packing bundles of three con- 
tainers each, the bundle accessories being similar to those used 
for packing complete rounds of certain calibers. Holes are 
provided in the end plates so that each container may be slit 
for insertion of methyl! violet test paper. Fiber containers may 
be received with each fiber tube inclosed in spiral-wrapped, steel 
reinforcing tubes. | 

c. Hach metal container is lined with heavy paper. The base 
ends of all charges and sections of charges, both ends of single 
section charges and top ends of upper section in each case are 


90 ORDNANCE SAFETY MANUAL 


protected with a cloth and felt igniter protector cap. Some 
igniter protector caps are fitted with strips of webbing which 
extend to the top of the container. They are used to draw the 
charge out of the container. Metal containers are usually 
painted gray with black stenciling. Containers in which igniters 
or empty charge bags with igniters are packed are usually 
painted gray and striped with red paint. 

d. Each propelling charge and each section of a propelling 
charge has stenciled on it, or on a linen tag firmly attached to 
it, the data necessary for its identification and proper use. It 
is the present practice to dye with red color that part of the 
propelling charge bag which contains the igniter of black powder. 

98. Handling and shipping.—Propelling charges are shipped 
in the containers in which they were originally packed,-as these 
comply with Interstate Commerce Commission regulations. 
Propelling charges will be handled with care, as rough handling 
may open seams in the container or loosen the covers. Ship- 
ments which are received in a badly damaged condition will be 
reported in detail to the Chief of Ordnance, and the contents 
of damaged containers will be examined carefully for moisture’ 
or other signs of deterioration before repacking. Every ship- 
ment received in metal containers will be promptly subjected 
to air tests. Propelling charges will not be exposed to the direct 
rays of the sun for any long period of time. Charges which 
cannot be placed promptly under cover will be protected with 
tarpaulins placed so that air can circulate through the pile. 
98. Storage.—a. Propelling charges packed in metal con- 
tainers which are protected by wood tops or crates will be stored 
so that the containers can be readily air-tested. Crates and wood 
tops removed from containers will be retained and stored for 
future use, but not in the magazine with the propelling charges. 

b. The method of storing propelling charges in fiber or metal 
containers is shown on Ordnance drawings.’ These will be fol- 
lowed when new stock is stored, or existing stock is repiled. 

c. If propelling charge containers are crated, the crates will 
' be removed before the propelling charges are stored. Fiber con- 
tainers should be inspected visually to determine that their con- 
dition is suitable for storage. 

100. Maintenance.—c. All metal cartridge storage cases are 
fitted with test holes and plugs so that they can be air-tested for 
tightness. Every metal container in which propelling charges 
are stored will be air-tested for leaks when it is received or 
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when it is subjected to handling or moving, which may cause 
leaks. Air-testing will be done with the apparatus, described on 
Ordnance drawings, or with any similar air-testing device, ex- 
cept that motor-driven air compressors will not be taken into a 
magazine in which explosives and ammunition are stored. A 
pressure of 3 to 5 pounds per square inch is used and leaks 
are detected by noting the variation in the reading of the 
gauge attached to the air-testing apparatus. All containers 
which are leaking will be repaired, or the contents thereof will 
be transferred to serviceable airtight containers. Leaks due to 
defective covers and gaskets are readily repaired without remov- 
ing the contents of the container, but leaks in other parts of 
the container require the removal of the contents before repairs 
can be made. Damaged containers will not be repaired in a 
magazine. This work will be done in a nearby empty magazine 
or in.a repacking room or building. The amount of powder at 
or near repacking or repairing operations will be limited to that 
in one open container and four closed containers. Safety tools 
will be used in opening and closing containers. . After repacking, 
each container will be air-tested before it is placed in storage. 

b. Defective covers and gaskets may be replaced without re- 
moving the container from the magazine in which it is stored, but 
precautions will be taken to guard against sparks which might 
cause fire. 

c. Personnel assigned to air-testing work will be familiar with 
the characteristics of decomposing powder. They will examine 
each container opened for air-test for the characteristic odor of 
decomposing powder or the evolution of reddish-brown fumes. 

d. Metal containers may rust, so they will be repainted when- 
ever such action is necessary to prevent further deterioration. 
When containers are repacked or repainted, the markings on each 
container will be reproduced completely. Containers will not 
be repainted in a magazine in which explosives or ammunition 
are stored. 

e. Propelling charges packed in fiber containers are not sub- — 
jected to air tests except when they are repacked. Because of 
the manner in which they are protected during shipment there 
should be little tendency for these containers to develop leaks. 
If fiber containers are damaged no attempt will be made to re- 
pair them. Their contents will be transferred. to serviceable con- 
tainers, 
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Secrion XII 
SMALL-ARMS AMMUNITION 
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101. General.—a. Descriptions of the various kinds of small- 
arms ammunition will be found in appropriate field and technical 
manuals. 

b. The size of lot of small-arms ammunition is determined by 
the quantity which may be manufactured conveniently, inspected, 
and tested under uniform conditions. An acceptable lot must 
exhibit uniform characteristics in acceptance tests. It may vary 
from a few thousand to a million rounds, but averages approxi- 
mately 500,000 rounds. As each lot has definite characteristics 
its identity must be maintained. A lot number once assigned 
remains unchanged until the ammunition is expended. 

c. All small-arms ammunition is not divided into lots. Caliber 
.22 ammunition and other types may not have lot numbers. Lot 
numbers for shotgun shell are designated as Lot 1, Lot 2, etc., 
followed by the year of purchase. 

d. The term “cartridge lot” as well as “ammunition lot” has 
been used at times to identify small-arms ammunition. The 
latter name is preferred. The various systems that have been 
used in designating ammunition lots of small-arms ammunition 
are described in applicable technical regulations. 

102. Grades.—a. Lots of caliber .30, caliber .45, and caliber 
.oO ammunition designed for target practice or combat use in 
standard service weapons are assigned to grades representing 
degrees of serviceability. The grades are determined by bal- 
listiec tests, surveillance tests, and reports of perfermance from 
the using arms and services. Assignments to grades and changes 
therein are made by the Chief of Ordnance. A grade is usually 
assigned to an entire lot, however, portions of the same lot stored 
under different conditions may develop defects which would not 
apply to the entire lot. Different grades sometimes may be estab- 
lished for parts of lots at different places. Ungraded ammuni- 
tion will not be issued or used for any purpose, but will be re. 
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ported to the Office of the Chief of Ordnance. The grades of 
ammunition are not marked on packing boxes or on slips inside 
the box; they are found only in Ordnance field service bulletins. 

b. Ammunition which is not used for target or combat purposes 
is not ordinarily graded; but special tests, both ballistic and 
surveillance, may be ordered by the Chief of Ordnance if at any 
time such ammunition appears to be unfit for storage or issue. 

c. The various grades to which lots of caliber .30 and caliber 
.45, small-arms ammunition are assigned and described in field 
service bulletins and Army regulations. 

103. Packing and marking.—a. Small-arms ammunition is 
packed in wooden boxes, practically all of which have metal 
liners. Each metal liner is made airtight and tested after it is 
packed. It should remain airtight unless subjected to rough 
handling. Most ammunition is packed in boxes which are made 
in accordance with Ordnance Department drawings. Other 
types of boxes are in use but will be discontinued when those 
now on hand have been expended. Cartridges are packed in 
containers in accordance with the methods described in appro- 
priate technical manuals. 

b. The details of marking and painting of small-arms am- 
munition containers may be obtained from the technical regula- 
tions governing small-arms ammunition. 

104. Handling and shipping.—a. No restrictions other than 
proper description, packing, and marking are necessary for the 
shipment of small-arms ammunition. Small-arms ammunition 
offered for shipment always will be packed in clips and bando- 
leers, or in pasteboard cartons, before it is placed in wooden 
or metal containers. 

b. No lot of small-arms ammunition will be shipped from an 
Ordnance storage depot unless it has been examined within 1 
year for visible defects and found satisfactory for issue to 
troops. 

105. Storage.—c. Small-arms ammunition is not an explo- 
sive hazard in storage, although under adverse conditions of 
storage it may become a fire hazard. With reasonable care in 
storage, and under the surveillance prescribed in these regula- 
tions, small-arms ammunition may be stored safely in any 
weatherproof magazine or warehouse. In small quantities it 
may be kept in a barracks storeroom. The conditions most 
likely to affect small-arms ammunition adversely are dampness, 
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lack of ventilation, and extreme heat such as might be obtained 
in storing near steam pipes. If the atmosphere is damp or 
unusual temperatures are experienced, layers of boxes will be 
separated by dunnage to permit free circulation of air. Ammu- 
nition will be piled by lot, and each pile will be placarded to 
show readily the manufacturer, lot, caliber, and grade of the 
ammunition in each pile. ; . 

b. Small-arms ammunition in containers is piled and arranged 
in a magazine in accordance with instructions set forth in Army 
regulations and on Ordnance drawings. 

106. Maintenance.—a. Maintenance activities in connection 
with small-arms ammunition include repairs to damaged con- 
_ tainers, repacking, resoldering, and air-testing containers. Lots 
of ammunition which contain an excessive number of visible 
defects are sorted to reclaim ammunition which is still satis- 
factory for issue. 

b. When damaged containers are repaired, or small-arms am- 
munition is repacked, the metal liner will be sealed to protect 
the ammunition from deterioration. The apparatus used for air- 
testing smokeless powder containers will be used if more suitable 
equipment is not available. A pressure of approximately 2 
pounds per square inch will be used. If the cover of the metal 
container is damaged, or is difficult to resolder, new covers will 
be requisitioned from the Chief of Ordnance. Ammunition will 
be repacked in the same manner as it was originally packed, 
unless the Chief of Ordnance issues specific instructions to the 
contrary. The identity of the ammunition will be maintained 
carefully by lot, and the markings on a repacked container must 
be a facsimile of those on the original container. 

c. The sorting of lots of ammunition which cannot be issued 
because they contain an excessive number of visible defects, or 
the reclaiming and repacking of the serviceable ammunition in 
the lots will not be undertaken except upon specific instructions 
from the Chief of Ordnance. The process of reclaiming service- 
able cartridges includes all of the operationg necessary to remove 


‘ defective cartridges and repack the ammunition for shipment. 


It involves removal of the ammunition from the old containers, 
culling out defective rounds, repacking serviceable cartridges into 
clips, bandoleers, cartons, etc., and resealing the metal container. 
New cartons, clips, bandoleers, covers for metal lines, etc., re- 
quired for repacking will be requisitioned from the Chief of 
Ordnance. However, where practicable, the old containers, etc., 
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will be used. When a lot of ammunition is reclaimed it changes 
its lot number or grade only as specified in Ordnance field service 
- bulletins, except that defective cartridges culled from the lot are: 
automatically classified as grade 3 ammunition. 

107. Salvaging.—Salvaging of small-arms ammunition con- 
sists of reducing the rounds to their principal components, such 
as cartridge case, bullet, and propelling charge. The method 
employed in breaking down the rounds will depend upon the 
facilities available, and any special instructions issued by the 
Chief of Ordnance. Since the principal hazard involved is that 
of fire, care will be taken to guard against an accumulation of 
powder at the breaking-down operations. Floors and benches 
will be kept clean, and powder from cartridges will be continu- 
ously removed from the immediate vicinity of breaking-down 
operations so that in case of fire not more than 1 or 2 pounds will 
be involved, and personnel will not be exposed to unnecessary . 
hazards. Powder obtained from breaking-down operations 
should be placed in standard containers and stored in the open 
under tarpaulins or in a shed where a fire cannot cause great 
damage. Primers in cartridge cases usually are rendered inert 
by placing the cases in a fire. All salvaged components must be 
kept separate until disposed of in accordance with Army regula- 
tions or directions of the Chief of Ordnance. 

108. Fires.—If a fire occurs in small-arms ammunition, the 
greatest hazard is from fiying bullets and cases. However, they 
are relatively light and usually will not travel more than 200 
yards. With ordinary care on the part of the fire-fighting 
forces, a fire can be quickly controlled without danger. 
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109. General.—a. Fixed ammunition includes all ammunition 
except small-arms ammunition, which has the cartridge case 
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containing the propelling charge firmly attached to the projectile, 
so that both are loaded into the gun as one unit. The following 
’ are typical examples of fixed ammunition: 

Base fuzed shell ammunition, 37-mm. H. E. and practice shell. 

A. P. shot, with tracer ammunition, 37-mm. shot. 

Point fuzed shell, with tracer ammunition, A. C. and A. A, 
shell. . 

Unfuzed shell ammunition, 75-mm. Mk. I H. E. and Mk. IT 
chemical shell. 

Shrapnel ammunition, 75-mm. Mk. I and 3-inch A, A. Mk. I. 

Point fuzed H. E. shell ammunition, with detonating fuze, 
75-mm. M-48 shell. 

Point fuzed shell ammunition, with mechanical time fuze, 
3-inch A. A. M42 H. BH. and practice shell. 

Inert loaded (practice) ammunition, 75-mm. sand loaded Mk. I 
- ghell and 2.95-inch subcaliber solid shot. 

b. Semifixed ammunition is similar to fixed ammunition in 
that the round is loaded as one unit. However, the cartridge 
case is not rigidly attached or crimped to the projectile, but it 
is constructed so that it can be readily removed. These remov- 
able cartridge cases are provided whenever the propelling charge 
is zoned, so that changes can be made in the propelling charge 
just before the round is loaded into the gun. 

c. Semifixed ammunition is stored, handled, and shipped in 
the same manner as fixed ammunition. Following regulations 
for fixed ammunition also apply to semifixed ammunition. 

110. Light mortar ammunition.—a. The types of light mor- 
tar ammunition stored at Ordnance establishments are, in gen- 
eral, 8l-mm., 60-mm., and 3-inch trench mortar ammunition. 
The ammunition lot number is marked on the assembly of each 
type of trench warfare ammunition with the exception of 
fragmentation, practice, and dummy hand grenades. On these, 
the lot number is printed on a label on the fiber container. A 
lot is determined by the uniformity of the materials used in the 
manufacture of the ammunition; by loading conditions, and 
other factors which tend to make individual rounds as nearly 
identical with each other as possible. This matériel should be 
identified always by the ammunition lot number. 

b. Light mortar shell.—The standard ammunition for the 
81-mm. mortar, 60-mm. mortar, and 3-inch mortar consists prin- 
cipally of a streamlined projectile fuzed at the nose end, and 
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a fin assembly carrying an ignition cartridge and propellant 
increments at the base end. There are three types: 

(1) High explosive shell.—This type is TNT loaded. 

. (2) Practice shell.—Practice shell is loaded with inert ma- 
terial and a practice charge, which is inclosed in a cloth bag. 

_(3) Smoke shelt——The chemical shell (smoke) is described 
in part IV of this manual with other Chemical Warfare ammuni- 
tion. 

c. There is still for issue a certain quantity of 3-inch Mk. I 
trench-mortar ammunition of the three types explained above 
which differs from these in the contour of the projectile, in 
being assembled with boosters, and in the type of propellant 
increments used. 

111. Packing and marking.—a. The methods of packing 
fixed and semifixed ammunition are as follows: 

(1) In wooden boxes with or without metal liners. 

(2) In wooden boxes with each round in a fiber container. 

- (8) (a) In packing bundles, consisting of two clover leai- 
shaped metal ends, formed to hold three fiber containers, held 
.together with a long carriage bolt. 

(0) In packing bundles with similar metal ends with an 
intervening two-faced form to hold six fiber containers. 

b. (1) The standard ammunition for light mortars is packed 
completely assembled in fiber containers; in bundles or boxes 
similar to the packing of other complete rounds of fixed ammu- 
nition. The 3-inch mortar, Mk. I, ammunition is packed in 
wooden packing boxes, each containing the required number 
of components for three complete rounds and one additional 
complete propelling charge. A detailed description of packing 
and marking will be found in Ordnance drawings, in specifica- 
tions, and in technical regulations. 

(2) Ammunition of the 60-mm. mortar is packed in bundles 
consisting of three fiber containers, each container holding six 
rounds; each round in an individual fiber container. 

c. Fixed, semifixed, and light mortar ammunition is divided 
into lots when it is manufactured, and a definite number is as- 
signed to each lot. The location of the ammunition lot number 
on a round is accurately described in the several technical regu- 
lations covering ammunition and is shown on drawings and 
Standard Nomenclature List. If there is the slightest doubt as 
to the correct ammunition lot number, report all marks and 
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symbols appearing on the round. The maximum size of a lot 
of ammunition is fixed by the specifications governing loading 
and assembling of fixed rounds and is usually 20,000 rounds. 
However, the actual size of a lot varies and depends upon the 
stage of manufacture, size of component lots, and other factors. 

112. Handling and shipping.—No special precautions other 
than those set forth in Interstate Commerce Commission regula- 
tions and section VI of this manual are prescribed for handling 
and shipping fixed, semifixed, and light mortar ammunition. It 
is packed in strong containers, which afford good protection un- 
less the ammunition is subjected to extremely rough handling. 
Boxes which have been stored for a considerable period of time 
and which may not be as strong as when manufactured will be 
reinforced with metal strapping if necessary. 

113. Storage.—a. Fixed, semifixed, and light mortar ammu- 
nition in boxes or packing bundles will be piled or stacked in 
accordance with Ordnance drawings. Good ventilation to all 
parts of the pile should be provided. 

b. This ammunition always will be stored in wooden boxes or 
in packing bundles, preferably of the same type in which it was 
packed originally. Loose rounds of ammunition, or single-fiber 
containers with rounds therein, will be packed in boxes or bun- 
dles before being stored. Incomplete boxes of ammunition will 
be marked carefully so that they may be identified readily. They 
will be stored with the lot to which they belong and should be 
placed on top of the piles. All boxes containing fixed ammuni- 
tion will be closed effectively, preferably in the same manner in 
which they were packed originally. No open boxes will be per- 
mitted in a magazine. 

c. To prevent the possible loss of an entire stock of one kind 
of fixed ammunition it should be distributed where possible in 
two or more magazines. For example, if the stocks consist of 
enough 60-mm. light mortar ammunition and 75-mm. shell to 
fill two magazines, the two kinds will be divided so that some 
of each will be stored in each magazine. 

d. When loaded components of fixed ammunition are stored 
separately, they will be stored in accordance with instructions 
set forth in this manual for storing fuzes, primers, adapters, 
and boosters, etc. The projectiles will be stored in the same 
manner as described in secion XIV for separate loading shell. 
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114. Maintenance.—Maintenance of ammunition includes the 
removal of rust, repainting, repairing packing boxes, and re- 
packing the ammunition whenever necessary. Work such as 
that outlined above will not be done in a magazine with other 
explosives or ammunition, but will be conducted in a nearby 
empty magazine, repacking house, or room, or in suitable weather 
in the open at sufficient distance to comply with intraplant quan- 
tity distance requirements, but in no case closer than 100 feet 
from any building containing explosives. The contents of dam- 
aged containers will be transferred to serviceable containers. If 
metal containers are used, they will be air-tested for tightness 
when packed. The apparatus used for testing cartridge-storage 
cases can be utilized for this purpose. Containers which are 
opened for sampling or inspection will be resoldered ; or if facili- 
ties are not available for doing this work, they will be sealed 
with tape. When ammunition or containers are repainted, care 
will be taken to reproduce completely all markings. 

115. Renovation and salvage.—a. Fixed ammunition which 
has deteriorated to such an extent that it is necessary to replace 
the fuzes, boosters, shell charges, or propelling charges, will be 
renovated or salvaged in accordance with specific instructions 
furnished by the Chief of Ordnance. Some special facilities are 
necessary so that the work may be done with the minimum risk 
or hazard, and so that serviceable components will not be dam- 
aged. Bombproofs or barricades used at operations for removing 
boosters, melting units for removing the shell filler, sand blast- 
ing and painting equipment are some of the facilities required. 
Adequate safeguards against fire and accident always will be 
provided, and the work will be done in an area isolated from 
magazines. Intraplant quantity-distance tables will be strictly 
observed. 

- BD. When fixed ammunition is salvaged or renovated at ord- 
nance establishments under Government contracts the contractor 
will secure the approval of the commanding officer of the ord- 
mance establishment concerned for the equipment, methods, 
safety precautions, and amount of explosives or ammunition in 
process which he proposes to employ. The area in which the 
work is to be done will be selected by the commanding officer. 
When work is started the commanding officer will make fre- 
quent inspections of the work in progress and will take such 
steps as are necessary to correct dangerous conditions, enforce 
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safety rules, and safeguard his establishment. Applicable re- 
quirements for the manufacture of military explosives and am- 
munition contained in part III will be complied with. 

116. Fires.—a. Fires in fixed ammunition are not likely to 
occur unless deterioration has proceeded to such a stage that 
spontaneous ignition takes place, or burning embers or heated 
shell are projected into the magazine from an adjacent fire. If 
a fire does occur in a magazine in which fixed ammunition is 
stored, every effort will be made to fight the fire, and the maga- 
zine will not be abandoned until its is evident that the fire cannot 
be controlled. 

b. A test was made at Aberdeen Proving Ground in 1922 which 
shows the results that may be expected when fixed ammunition 
burns. 

(1) The ammunition used in this test consisted of 512 boxes 
(4,608 complete rounds) of 75-mm. H. E. shell, Mk. I, packed 
nine in a box, each round in a fiber container. This material 
was evidently in the same condition as received from overseas, 
ag the shipment consisted of rounds from 31 different ammunition 
lots. All the shell were loaded with TNT. 

(2) The ammunition was stacked 8 boxes high, 8 boxes long, 
and 8 boxes wide, making a pile about 10 feet high, 25 feet long, 
and 10 feet wide. The windward end was sprinkled with about 
10 gallons of kerosene and a fire was kindled at this end of the 
pile. The fire spread rapidly over the end, top, and sides of the 
pile, and after approximately 10 minutes the first explosion oc- 
curred. During the next 5 minutes the explosions were all from . 
burning propelling charges. Some projectiles and cartridge cases 
were thrown high into the air and fell at distances up to 200 
yards from the pile. Fifteen minutes after the ignition of the 
pile the first shell detonation occurred; and from that time de- 
tonations became increasingly frequent and heavy. The early 
detonations caused the ends of the pile to fall over, away from 
the fire. - During the period from 15 minutes to 50 minutes after 
the ignition of the pile, the number and violence of the detona- 
tions gradually increased until conditions resembled heavy and 
continuous firing with heavy guns. During this period shell 
and shell fragments, cartridge cases, complete rounds, and burn- 
ing pieces of boxes were thrown in all directions. In only a few 
cases did explosions occur when material landed after being 
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thrown from the pile. The detonations were accompanied by 
large bursts of flame 40 or 50 feet high, and dense clouds of black 
smoke. About 50 minutes after the start of the fire it was evi- 
dent that most of the pile had been consumed, although there was 
still considerable burning material scattered over the area near 
the original pile. Explosions were quite frequent for another 
20 minutes, after which they gradually decreased in frequency 
until about 2 hours after the start of the fire. During the next 
hour there were individual explosions from 10 to 20 minutes 
apart. After 3 hours from starting the fire there were no more 
explosions. 

(3) Examination of the area near the fire showed very little 
combustible material remained. Cartridge cases without pow- 
der, mostly bulged, crushed, or pierced with fragments were 
found scattered all over the area within 100 yards from the 
original pile. Unexploded shell were found over the same area. 
About 2,500 shell and a few complete rounds were gathered up 
after the fire. Most of the recovered shell fragments showed 
evidence of only partial detonations of the bursting charge. The 
complete rounds recovered were mostly in charred fiber contain- 
ers and were not mutilated in any way. In many instances the 
shell or the cartridge case was found still encased in the fiber 
container ; one component evidently having exploded and thrown 
the remainder of the round away from the fire. There were no 
large or deep craters, the largest crater being about 5 feet across 
and about i foot deep. 

c. It is felt that the results of the above-described test are 
similar to what may be expected from any fire in boxed shell 
ammunition. Explosions of propelling charges and detonations 
' of shell may be expected without a general detonation of the 
pile as a whole, or of any considerable part of the pile. The scat- 
tering of components probably would be confined to a compara- 
tively small distance from the burning pile. 

117. Safety precautions.—Fixed ammunition will be handled 
with care, and it will never be dropped, rolled, or violently 
thrown. Boxes of fixed ammunition may be handled with roller 
conveyors, chutes, or trucks, as long as the above precautions 
against shocks are observed. Safety shoes are not required in 
handling fixed ammunition, except when it is being broken down 
for salvage or renovation. 
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SecTIon XIV 
SEPARATE LOADING AMMUNITION 
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118. General.—ca. In separate loading ammunition the primer, 
propelling charge, and fazed projectile are loaded into the can- 
non separately, or in two or more operations. Since the com- 
ponents of the round such as the primer, propelling charge, and 
fuze are usually packed separctely, they are described in other 
sections of this manual. This section deals only with separate 
loading projectiles, fuzed and unfuzed, however, the regulations 
of this section also are applicable to loaded projectiles from fixed 
ammunition. . 

b. Separate loading projectiles are of various types, such as 
high-explosive shell, shrapnel, and armor-piercing projectiles; 
and may be either base or point fuzed. 

c. Due to the larger caliber, lots of separate loading projectiles 
are much smaller in size than lots of fixed ammunition. They 
vary from a few hundred rounds to 20,000 rounds. A lot of 16 
inch armor-piercing projectiles usually consists of approximately 
500 projectiles, while a lot of 155-mm. shell may contain 5,000 
to 20,000 projectiles. Each projectile in a lot is marked with 
an ammunition lot number, which is the identifying number that 
will be reported when deterioration, defects, or malfunctions are 
noted. Each lot of separate loading projectiles has: certain 
characteristics which make it necessary to maintain carefully 
the identity of all shell in the lot. 

119. Packing and marking.—a. Prior to the World War the. 
general practice was to crate or box all separate loading projec- 
tiles. The same practice was continued during the early part 
of the war, but later it was determined that crating material 
was undesirable near the front, and that most types of projectiles 
could be satisfactorily transported by simply protecting the rotat- 
ing bands with rope grommets. This method was followed with 
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separate loading high-explosive shell of the types used during 
the war. Later the procedure was extended to chemical shell 
of similar calibers. The method of shipping in uncrated con- 
dition has from time to time been extended to include certain 
other types and calibers, such as some sea coast cast-iron target 
projectiles. 

b. The methods of shipment for each type of projectile are 
shown in the several Standard Nomenclature Lists covering 
ammunition. Shipment of such new types of projectiles as 
‘may be adopted from ‘time to time will be made, in general, in 
accordance with the following basic rules: 

(1) Point fuzed shell with false ogives will be crated. 

(2) Point fuzed shell without false ogives will have grommets 
and eyebolt lifting plugs. 

(3) Base fuzed shell with relatively fragile parts such as 
false ogives, steel caps, and windshields will be crated. 

(4) Base fuzed shell without false ogives will not be crated 
but will have grommets to protect rotating bands. 

(5) Dummy projectiles, being easily damaged, will be crated. 

(6) Cast-iron projectiles will be fitted with grommets only. 

(7) Shell with point-detonating fuzes assembled thereto will 
be boxed. 

c. All separate loading shell are painted a distinctive color 
to indicate the type of bursting charge. For example, shell 
loaded with high explosives, such as TNT, amatol, or explosive 
D, are painted yellow, while black powder loaded shell are 
painted red. Practice ammunition is painted blue. The caliber 
and type of cannon for which the shell is intended, the kind of 
filler, mark number of the shell, and ammunition lot number, 
are stenciled on each projectile. The several technical regula- 
tions covering ammunition, and ordnance drawings and specifi- 
cations should be consulted for exact details of marking. 

120. Handling and shipping.—Separate loading projectiles 
will be handled with care. The fuze hole always will be closed 
with a suitable plug which protects the threads, keeps dirt out 
of the fuze cavity, and affords the best possible protection against 
fire. The rotating band will be protected carefully against 
damage, such as dents or cuts that may render the projectile 
unserviceable. Fuzed projectiles will be rolled slowly and 
with care so that there is no tendency to arm the fuze. Large 
caliber projectiles standing on their bases will be lowered with 
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care when it is desired to place them on their sides for handling 
or storage. Many caps on armor-piercing projectiles have been 
loosened by failure to observe these precautions. Every effort 
will be made to avoid injury to or removal of paint from the 
bourrelet. PExuding shell will not be shipped unless all traces 
of exudate have been removed from the exterior. The methods 
of packing of projectiles in freight cars is prescribed in technical 
manuals and on ordnance drawings. 

121. Storage.—a. In storing separate loading shell the fol- 
lowing instructions will be strictly observed, except for igloo 
magazines which will be stored solid in accordance with current 
drawings. 

(1) Separate loading’ shell will be stored in iveontct maga- 
zines or in magazines which are constructed with the minimum 
amount of combustible material. 

(2) The amount of combustible dunnage in magazines will 
be reduced to the absolute minimum, and each unfuzed shell 
will be fitted with a steel or iron fuze-hole plug. 

(3) Shell up to and including 10 inches in caliber will be 
piled in accordance with ordnance drawings; and the distances 
between piles specified on this drawing will be maintained 
strictly when the shell are loaded with TNT or amatol. The 
requirements of paragraph 39 will be observed. Shell loaded 
with explosive D will be piled in the manner shown on the 
above-mentioned drawing; but the distance between piles need 
not be more than the distance required for making examinations 
of fuze cavities. 

(4) Shell larger than 10 inches in caliber will be stored on 
their bases with appropriate dunnage between the base and 
floor to protect them from moisture and dampness. Shell 
loaded with explosive D may be stored in intimate contact; 
but shell loaded with TNT will be separated from each other 
by a space equal to the caliber of the shell, for example, 12-inch 
. Shell loaded with TNT will be separated from each other by a 
distance of 12 inches. 

(5) When the number of shell to be stored in a magazine is 
less than the quantity shown on ordnance drawings the reduc- 
tion of the number of shell in a pile rather than an increase in 
the distances between piles will be the first consideration. 
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(6) When shell which require spacing in piles to limit losses 
from mass detonations are stored without spacing, the require- 
ments of paragraph 39 will be carefully observed. 

b. The above requirements are based on the results of a 
comprehensive series of tests made at the Aberdeen Proving 
Ground with separate loading shell, in which the following 
information was gained: 

(1) An explosion of shell loaded with TNT or amatol could 
be confined to one pile if ample distances were maintained 
between the piles in the magazine. 

(2) Distances between piles at which an explosion would be 
transmitted increased with the number of shell in the pile in 
which the explosion originated. 

(3) All shell in the pile in which the explosion starts will 
explode. Piles should be reduced to the smallest practicable 
size if the effects of the explosion are to be limited. 

(4) Distances to be maintained between piles to prevent an 
explosion from being transmitted to adjacent piles must be 
greater for shell fitted with die-cast white metal fuze-hole plugs 
than for shell fitted with steel or iron fuze-hole plugs. 

(5) It is practically impossible to explode a pile of shell loaded 
with explosive D. Explosions are usually of a very low order 
and limited to one shell. 

(6) Shell should be arranged in single piles with the noses 
of the shell jin one pile pointing toward the noses of the shell 
in the next pile, or with the bases of the shell in one pile pointing 
toward the bases of the shell in the next pile. 

(7) The lateral distance at which explosions were transmitted 
was several times greater than the nose-to-nose or base-to-base 
distance. 

(8) In connection with the above, it should be noted that if 
piles are knocked down or disarranged by the explosion of one 
pile, or of an enemy bomb, or any similar occurrence, it is possible 
that a subsequent explosion will cause a mass detonation of the 
disarranged piles. 

c. Following is a brief description of the tests which were 
made: 

(1) The shell were arranged in piles, one of which was known 
as the initiating pile. The purpose was to determine the nose- 
to-nose, nose-to-base, base-to-nose, and the lateral distances at 
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which detonations would occur or fail in piles adjacent to the 
one in which the detonation started. The piles were arranged 
as shown in the following diagram: 


BRaAE 
BSB 


(2) The tests were made principally with 8-inch high-explo- 
sive shell, fitted with adapters, boosters, and steel nose-plugs 
(type A lifting plug). Tests were made also with 155-mm. high- 
explosive shell fitted with both steel and white-metal plugs. ‘The 
8-inch shell were chosen for these experiments after preliminary 
tests made with shell of several different types and calibers had 
shown the 8-inch shell to be as sensitive to detonation from an 
explosive wave or fragments as other types. 

(3) The tests were very comprehensive, as they included many 
different arrangements of the piles, tests to prove the effective- 
ness of barricades between piles, and tests of shell loaded with 
explosive D, TNT, and amatol. The number of shell used in the 
various piles varied from 18 to 600, and series of tests were 
made in which the initiating pile contained 18, 48, 96, 192, 300, 
384, and 600, 8-inch shell, and 160 and 320, 155-mm. shell. The 
greatest number of shell in any one test (initiating and adjacent 
piles) was 1,296. The tests were made under conditions which 
are practically duplicated in magazines. 

' d. Small-arms ammunition and fixed ammunition in boxes have 

sometimes been used as barricades between piles of separate 
loading projectiles. This practice is no longer permitted be- 
cause of the fire hazards it introduces into magazines filled with 
separate loading shell. The use of metal dunnage, such as 
channel iron, is recommended wherever practicable, because it 
reduces the amount of combustible material in the magazine, 
and also electrically grounds the pile of shell. 

122. Maintenance.—a. In removing rust and repainting pro- 
jectiles, particular attention will be paid to removing rust from 
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the bourrelet and fuze cavity, and to greasing threads in the 
fuze hole. The marking and stenciling of repainted projectiles 
will be conducted with care, so that the marking on the re- 
painted projectile will be a facsimile of the original. The re- 
placement of markings is most important. 

b. Oily liquids which exude from shell and sometimes form 
pools of exudate on the floor will be removed, and affected shell 
will be tagged or distinctively marked so that they will not be 
issued for service use. A strict compliance with this require- 
ment is essential, as the exudate is inflammable and small par- 
ticles of explosive also may lodge in threads in the nose of the 
projectile. More complete information on the probable cause 
of exudation and its effects will be furnished by the Chief of 
Ordnance if desired. 

c. Separate loading shell will not have rust removed or be 
repainted or reworked in a magazine in which explosives or 
ammunition are stored. Work of this nature will be done in 
a nearby empty magazine, in a repacking house, or during 
clear weather in the open at sufficient distance to comply with 
intraplant quantity-distance requirements. 

123. Renovation and salvage.—Separate loading shell whicb 
have deteriorated to such an extent that it is necessary to 
replace the boosters or bursting charges, or to remove the 
boosters and unload the shell for inert storage, will be renovated 
or salvaged in accordance with special instructions furnished 
by the Chief of Ordnance. 

124. Fires.—a. When the amount of combustible material is 
limited to the absolute minimum, there is little chance of a hot 
fire developing in a magazine where only separate loading shell 
are stored. Every effort should, therefore, be made to control 
any small fire which starts in a magazine containing separate 
loading shell; and the magazine should not be abandoned until 
it is evident that the fire cannot be controlled. 

b. In a fire involving separate loading shell, except those 
loaded with explosive D, stored in combustible buildings the 
plles will probably explode, a pile at a time. However, a period 
of 8 or 10 minutes will usually elapse before the fire becomes 
hot enough to cause the first detonation. 

c. The possibility of a heated shell being projected into a 
magazine, and then exploding, is extremely remote, however, 
if this should occur, the explosions probably would be limited 
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to one pile, if the shell are stored in accordance with the re- 
quirements for spacing. 

125. Safety precautions.—The special safety precautions to 
be observed in handling and storing separate loading shell are 
as follows: 

a. Fuze-holes always will be closed with a suitable plug. 

b. Shell will be protected from fire and heat. 

c. Shell will be handled carefully. They will not be violently 
rolled, or subjected to any kind of rough handling. If fuzed 
projectiles are rolled, they will be rolled slowly to prevent the 
arming of the fuze. 
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126. General.—a. Aircraft bombs are of the following types: 
practice, fragmentation, demolition, chemical, armor piercing, 
and incendiary. A detailed description will be found in appro- 
priate technical manuals, and on ordnance drawings and specifi- 
cations. Chemical bombs are discussed in part IV of this man- 
ual. Following is a brief description of other types: 

(1) Practice bombs, as the name implies, are used for bomb- 
ing practice and for the instruction of personnel. Usually they 
have the same characteristics of form, weight, method of han- 
dling, flight, and accuracy, as corresponding service bombs. 
Usually they contain sand and a reduced bursting charge of 
explosive. Usually they are stored and issued in the form of 
components, as follows: 

Empty bomb bodies. 

Fin assemblies and fin-securing components. 

Spotting charge, either.as a chrtridge, a bag of black powder, 
or a unit assembly consisting of a metal container, powder 
charge, and fuze. 

Adapter and booster, loaded or empty, as required. 

Fuzing components, where necessary. 

The sand filler for the bombs is added in the field. 
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(2) Fragmentation bombs are intended for use against per- 
‘sonnel. They are comparatively small in size and designed to 
give maximum fragmentation effect. 

(3) Demolition bombs are intended for use against enemy 
works and ships. They depend upon a blast effect for the 
destruction of such structures. They have larger bursting 
charges than artillery shell of corresponding weights varying 
from 100 pounds to 2,000 pounds, or larger. 

b. Bombs are divided into lots varying in size from several 
thousand for the smaller types to a few hundred for large 
bombs. Each is marked with an ammunition lot number which 
is used to identify the lot when reporting evidences of deteriora- 
tion or malfunctioning. 

127. Packing and marking.—a. The present prescribed 
methods of packing bombs for shipment are as follows: 

(1) Fragmentation and chemical bombs are packed in metal 
tubes assembled in bundles (20 Ib., M41), wooden boxes (25 lb., 
M3), or metal crates containing from two to five bombs each 
(30 lb., M5). Usually, fuzing components are packed in the 
same container. 

(2) One hundred pound demolition bombs are packed in 
metal crates, one in a crate, or are packed as described in (3) 
below. The fuzes, primer detonators, arming wire, swivel loop, 
and one fin brace for the 100-pound Mk. IMI bomb will be 
inserted in a component metal box which will be assembled to 
the metal crate. 

(3) All demolition bombs except the 100-pound bomb are 
shipped without fins with metal shipping bands to protect the 
suspension lugs, and to facilitate handling. Fin assemblies are 
‘shipped separate from the bomb in wire-bound, veneer wood, 
packing boxes. When shipments are made to using services fuz- 
ing components are packed in a wire-bound accessory box which 
is inclosed in the fin assembly box. In interdepot shipments, 
fuzing components are shipped in their respective boxes. 

b. A detailed description of the packing boxes and crates, 
including details as to size and contents, will be found in tech- 
nical regulations and on ordnance drawings and specifications. 
Spotting charges for practice bombs normally consist of a few 
pounds of black powder. These charges are stored, handled, 
and shipped under the regulations for black powder as con- 
tained in section VIII, with the exception that M1A1 spotting 
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charges are not removed from their boxes but are stored as 
received. 

c. Bombs, packing boxes, and crates for bombs are marked to 
show the size, lot number, filler, and other characteristics; in- 
cluding marking required by Interstate Commerce Commission 
regulations. The painting and marking of each type of bomb 
and its packing box or crate are described in applicable tech- 
nical regulations. Bomb packing boxes which contain fuzes, or 
primer-detonators may be marked with a stripe of red paint 
to show the location of the fuze, or primer-detonator. 

128. Handling and shipping.—Bombs will be handled with 
care and protected against shock. Those shipped without boxes 
or crates will have the fuze-holes in the nose and tail closed with 
suitable plugs. Projecting lugs will be protected against damage. 
Bombs will not be shipped with the primer-detonator in place. 
Fin assemblies shipped separately or attached to bombs will be 
protected carefully to prevent damage. 

129. Storage.—a. (1) In storing, a distinction is made be- 
tween fragmentation and demolition bombs. Fragmentation 
bombs, when packed in wooden boxes like fixed ammunition are 
not likely to detonate en masse if a fire occurs in the magazine. 

(2) Fragmentation bombs packed in metal crates are suscep- 
tible to mass detonation and must be stored in a manner similar 
to that specified for demolition bombs. 

b. Demolition bombs have very thin walls. They are regarded 
as one of the most hazardous types of ammunition because of 
their tendency to detonate en masse if a fire occurs or a 
heated fragment is projected into the magazine in which they are 
stored. One of the most disastrous explosions on record origi- 
nated from a fire in a magazine in which was stored a large 
number of demolition bombs packed in boxes. No feasible way 
of separating bombs or barricading piles of bombs in a magazine 
to reduce the hazard of mass detonation has been found. Safety 
can be obtained only by reducing the possibility of fire to an 
absolute minimum. Bombs should be stored in fireproof maga- 
zines without combustible dunnage. 

c. To minimize the fire hazards, demolition bombs which may 
be packed in wooden boxes or crates will be removed therefrom 
before storing. Steel dunnage is preferred and will be used un- 
less instructions to the contrary are issued by the Chief of 
Ordnance. 
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Fuzes and primer-detonators must not be packed with bombs 
except in the case of metal-crated 100-pound bombs. Fuzes and 
primer-detonators may be stored with 100-pound bombs in igloo 
magazines. 

d. Demolition bombs will be so piled that fuze cavities can be 
readily inspected and visible signs of exudation detected. Bombs 
with fin assemblies attached will be piled carefully to avoid 
damage to fin assemblies. 

e. Bombs will be stored in those magazines which offer the 
best protection against fire and missiles. Approved, arch-type, 
earth-covered, concrete igloo magazines will be used if available. 

f. Bombs in storage will not be fuzed or fitted with primer- 
detonators. . 

130. Maintenance.—Maintenance activities include removal 
of rust, repainting, remarking, removal of exudate from the 
bombs and floors of the magazine, and repairs to containers. 
The removal of rust and repainting will not be done in a 
magazine in which explosives or ammunition are stored; but 
these operations may be conducted in an empty magazine, or 
in suitable weather in the open at sufficient distances to com- 
ply with intraplant quantity-distance requirements, but in no 
case closer than 100 feet from any building containing explo- 
sives. Exudate is a dangerous fire hazard and will be cleaned 
from bombs and floors of magazines. When bombs are re- 
painted the painting and marking must be a facsimile of the 
original painting and marking. 

131. Renovation and salvage.—Bombs will not be renovated, 
salvaged, or modified except with the specific approval of the 
Chief of Ordnance, who issues the necessary instructions for 
the performance of such work. 

132. Fires.—If a fire occurs in a magazine in which frag- 
mentation bombs are stored in boxes, it is probable that the 
bombs will detonate intermittently like fixed ammunition. If 
a fire occurs in a magazine in which demolition bombs or frag- 
mentation bombs in metal crates are stored, it is almost certain 
that a mass detonation of the bombs will occur. Safety from 
mass detonation of bombs lies only in preventing fires and by 
reducing dunnage and other combustible material in the maga- 
zine to the absolute minimum. 
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SECTION XVI 
FUZES, PRIMERS, BOOSTERS, AND DETONATORS 
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133. General.—ea. Fuzes, primers, boosters, primer-detonators, 
and similar loaded components form a distinct class of ammuni- 
tion when they are not assembled to or packed with projectiles 
or bombs. 

b. Loaded components are divided into lots, and always will 
be identified by lot number. The size of a lot usually varies 
from 5,000 to 25,000 components and is dependent upon the stage 
of manufacture and other factors. Each lot is made and tested 
under uniform conditions and has certain characteristics which 
require that the identity of all components in the lot be carefully 
maintained. Where practicable, the lot number is stamped on 
the components, but it always appears on the containers in which 
they are packed. 

134, Packing and marking.—a. The practice with respect 
to packing of those loaded components which are packed sepa- 
rately from the ammunition or bombs with which they are to 
be used, differs from one component to another, depending upon 
the character of the component. Provision is made for the pack- 
ing of every item of issue to the fleld, and for the interplant 
shipment of all loaded components. In some cases in the past 
artillery fuzes have been shipped in wooden boxes provided with 
hermitically sealed metal liners, and trays for supporting the 
fuzes. In other cases, fuzes were shipped in individual metal 
eentainers. These practices will be continued, except that fiber 
instead of individual metal containers will be used. Bomb fuzes 
which contain no explosives were packed in wooden boxes with- 
out metal liners, with the fuzes supported in trays to avoid their 
striking together. Bomb fuzes of more modern design, con- 
taining explosive components, will be shipped in individual con- 
tainers within wooden boxes. Primers intended for assembly 
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into complete rounds of ammunition are packed in paper cartons, 
waterproofed by dipping in parraffin, within hermetically sealed 
metal liners, in wooden boxes. Primers for separate loading am- 
munition—that is, for issue to the field as primers—are packed in 
small metal boxes within wooden boxes. Adapter-boosters for 
bombs and adapters and boosters for artillery ammunition are 
packed, in trays within unlined woden boxes for shipment to 
loading plants. For detailed information regarding the method 
of packing each type of component reference should be made to 
the proper drawing. ) 

185. Handling and shipping.—a. Loaded components offered 
for shipment will be supported or so packed in containers that 
they will not strike against each other. If the containers in 
which the components were originally packed are not available, 
boxes and trays which will insure protection against shocks and 
rough handling will be constructed. All loaded components, 
even when properly packed, will be handled with care. They will 
not be thrown or dropped on the floor or on other containers. 

b. The painting and marking of components and their con- 
tainers are shown on ordnance drawings and specifications. 

136. Storage.—a. Components will be stored with the tops 
of the boxes up. Storing of all of one type in a magazine should 
be avoided, if possible, because a fire or an explosion may result 
in the loss of the entire quantity. In no case will more than 
50,000 fuzes of any one model nor more than 150,000 of all models 
_ be stored in a single magazine. This prohibition does not apply 
to grenade fuzes, which are included in class 8 of .military ex- 
plosives and ammunition, with primers, detonators and like 
components. All boxes and containers opened for inspection will 
be resealed. They will be piled in accordance with ordnance 
drawings... Incomplete boxes will be marked plainly for identifi- 
cation and placed on top of the piles. Open boxes of: loaded 
components will not be stored in a magazine. 

b. The storage of class 6 fuzes will conform with the require- 
ments of paragraph 39. 

137. Maintenance.—Maintenance includes repairs to con- 
tainers, sealing, and air testing of containers which have been 
opened for inspection. Containers opened for inspection will be 
resoldered or effectively resealed with adhesive tape. No work, 
such as removing rust or repainting will be done except by specific 
direction of the Chief of Ordnance, who will furnish the necessary 
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instructions. Containers will not be opened or repaired in a 
magazine containing explosives or ammunition. This work will 
be done in a near-by empty magazine, in a repacking room, or 
during clear weather in the open at sufficient distance to comply 
with intraplant quantity-distance requirements, but in no case 
closer than 100 feet from any building containing explosives. 

138. Renovation and salvage.—Loaded components will be 
renovated, salvaged, or modified only in accordance with specific 
instructions furnished by the Chief of Ordnance. 

139. Descriptions of components.—Descriptions of com- 
ponents such. as fuzes, boosters, and primers will be found in 
appropriate technical publications. 

140, Fires.—a. Tests made at Aberdeen Proving Ground 
with piles of fuzes in boxes similar to magazine piles showed 
that in case of fire fuzes will detonate a box at a time. Missiles 
are light and have a very limited range, usually not over 200 
yards. An attempt should be made to put out a fire which oc- 
curs in a magazine in which fuzes are stored. If the fire can- 
not be controlled, the magazine should be abandoned and the 
efforts of the fire-fighting forces confined to protecting adjacent 
magazines. Personnel fighting the fires should seek such cover 
as is available, or protect themselves against missiles by lying 
fiat on the ground. . 

b. When primers in sealed containers and wooden boxes are 
subjected to fire they usually explode a box at a time. There 
are no records in the Ordnance Department which indicate that 
a mass explosion is to be expected when primers are packed in 
this manner. Every effort should be made to control a fire 
which involves primers. The above, however, does not apply to 
primers which have been removed from their containers and 
are in intimate contact with each other. Under such conditions’ 
it is known definitely that mass explosions occur in cases of fire. 

c. When packed in boxes, most of the smaller types of adapters 
and boosters, such as the Mk. III and Mk. III—A, explode a box 
at a time. Some of the larger types of boosters, however, such 
as the Mk. II, Mk. IV-B, Mk. VI-B, and bomb boosters, may 
detonate in quantities of several boxes at one time. Usually the 
missiles formed are light, have a limited range, and the fire 
usually can be controlled and prevented from spreading to ad- 
jacent magazines. 
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141, Safety precautions.—Fuzes, primers, boosters, and 
- primer-detonators are loaded with explosives which are sensitive 
to shock and friction. Components of these types are supported 
in trays or racks, to protect them against shock, but they must be 
handled with care at all times. The covers of wooden boxes for 
these components are fastened with screws. Nails will not be 
used. 


SECTION XVII 
PYROTECHNICS 
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142. General.—ca. Pyrotechnics for military use are divided 
into two general classes: Illuminating and signaling. These two 
classes are further subdivided into pyrotechnics for ground 
troops and aviation pyrotechnics. Pyrotechnics are described 
in technical regulations, on ordnance drawings, and in specifica- 
tions. 

b. Pyrotechnics are divided into lots which represent a definite 
quantity that has been manufactured and tested under uniform 
conditions. The lot number usually appears on the individual 
pyrotechnics and on the containers. 

143. Packing and marking.—Pyrotechnics are packed in 
inetal-lined or unlined, nailed or wire-bound wooden boxes. 
Those in unlined boxes are packed in inner containers consisting 
of sealed corrugated board cartons, cylindrical fiber containers, 
or metal containers. The cartons are dipped in paraffin to pro- 
tect the contents from moisture. The MS8A1 aircraft flare is 
packed in an individual fiber container which in turn is inclosed — 
in a Ssingle-flare, wire-bound box. The methods of packing 
pyrotechnics made during 1917-1918 are described in O. O. Form 
2027, Military Pyrotechnics; for pyrotechnics manufactured 
since the war, in technical regulations, on ordnance drawings 
and in specifications. Pyrotechnics and their containers are 
labeled or marked to comply with Interstate Commerce Com- 


116 ORDNANCE SAFETY MANUAL 


mission regulations and Army specifications and drawings. 
This marking includes the type or kind, date packed, lot number, 
and quantity. The M8A1 flares, their containers, and their pack- 
ing boxes, are marked to indicate the date before which they 
must be expended. | 

144. Handling and shipping.—Military pyrotechnics are 
shipped in accordance with Interstate Commerce Commission 
regulations for fireworks. They will be handled with care. 
Containers will not be subjected to rough handling which may 
damage the contents. 

145. Storage.—Pyrotechnics will be stored in containers as 
indicated in current ordnance drawings. Some pyrotechnics 
deteriorate rapidly in the presence of moisture and high tem- 
perature and may become unsafe. Good protection against 
moisture or dampness and high temperature should be provided. 
Containers which show signs of dampness or moisture will be 
carefully examined; and if the pyrotechnics have been damaged, 
they will be destroyed. 

146. Maintenance.—Only pyrotechnics in metal cases, such 
as aviation cartridges and airplane flares, are reconditioned 
or renovated. Such work will be done in accordance with 
specific instructions of the Chief of Ordnance. 

147. Fires.—Some pyrotechnics may ignite spontaneously if 
subjected to adverse conditions such as moisture and high tem- 
peratures; but, under these conditions, most types tend to become 
less sensitive and more difficult to ignite and burn. These re- 
marks apply mainly to pyrotechnics manufactured during the 
World War. Pyrotechnics manufactured since that time are 
well protected against deterioration in storage. A very hot fire 
is created by burning pyrotechnics as practically all types con- 
tain some oxygen-bearing constituents. Water should not be. 
used on burning pyrotechnics containing magnesium. Pyro- 
technics such as airplane flares may explode, but most other 
types burn with an intense heat and without serious explosions. 

148. Safety precautions.—Pyrotechnics should be protected 
against moisture, should be handled with care, and protected 
against shocks. The boxes should not be dropped or thrown. . 
If pyrotechnics are exposed to moisture, they should be segre- 
gated from all other materials until an examination hag been 
made to make sure that they are serviceable and are not 
dangerous, 
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SEcTion XVIII 
MISCELLANEOUS AMMUNITION AND EXPLOSIVES 
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149. General.—There are a number of types of ammunition 
and explosives which have not been discussed previously. In 
this section they are described briefly with reference to storage, 
maintenance, and general safety precautions, 

150. Blank ammunition for artillery.—a. Blank ammuni- 
tion is completely assembled and packed in boxes in individual 
fiber containers at arsenals or depots, and shipped to the various 
stations. This ammunition will be treated in the same manner 
as described for fixed and semifixed ammunition in section XIII 
of this manual. 

b. The weight of the charge and the model of gun for which 
the ammunition is intended are marked on the cartridge case, 
the fiber container, and the packing box. Additional markings, 
including those required by Interstate Commerce Commission 
regulations, are stenciled on the box. 

c. Blank ammunition will be loaded only at designated 

ordnance establishments. 

, 151. Smoke-puff charges.—The only items of the smoke-puff 
outfit that are of interest from an ammunition and explosive 
standpoint are the black powder charges and percussion caps. 
The black powder charges are packed in small cartons and 
wooden. boxes. They will be handled in the manner prescribed 
for black powder, and the regulations of section VIII will 
govern their storage, handling, and shipment. The percussion 
caps are packed in containers and wooden boxes, and will be 
stored in accordance with the provisions of Section XVI, Fuzes, 
Primers, Boosters, and Detonators. . 

152. Demolition material.—a. The Ordnance Department 
stores for the Engineer Corps of the Army several kinds of 
demolition materials, such as explosive blocks, dynamite, 
blasting caps, and blasting fuse. 
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b. Explosive blocks are of two types: 

(1) Explosive, TNT, rectangular, one-half pound blocks have a 
cavity into which the detonator or blasting cap is inserted. 

(2) Explosive, nitrostarch is packed in half-pound blocks and 
1-pound packages which contain four quarter-pound blocks. The 
quarter-pound and half-pound blocks must not be broken into 
smaller pieces. Nitrostarch is much more sensitive than TNT 
and should not be broken or roughly handled. This material 
should be stored in a cool dry magazine and high temperatures 
should be avoided. 

Explosive TNT rectangular and explosive nitrostarch blocks 
will be stored in accordance with the provisions of Section IX, 
High Explosives. 

c. Blasting caps tetryl electric and new electric are special 
blasting caps primarily for use with explosive blocks. Com- 
mercial blasting caps are generally designated by numbers. 
Ensign Bickford safety fuse will be stored in accordance with 
the provisions of Section XVI, Fuzes, Primers, Boosters, and 
Detonators. Primacord Bickford fuse is filled with a high ex- 
plosive, and will be stored in accordance with the provisions of 
section IX. 

d. Dynamite will be stored in accordance with the provisions 
of section IX. Special attention will be given to oily stains or 
exudation of nitroglycerin. Stains of this nature on the floor of 
a magazine will be neutralized by scrubbing the floor thoroughly 
with a solution of one-half gallon of water, one-half gallon of 
wood alcohol, and 2 pounds of sodium sulphite or potassium 
sulphite. 

e. “Instantaneous” fuse used by the Engineer Corps is some- 
times stored at ordnance establishments. This fuse burns with 
extreme rapidity. If it is mistaken for safety fuse, serious 
accidents may result. Purchase of this fuse has been discon- 
tinued but some of it may still be in stock. It is colored red. 

153. Photoflash bombs.—Photofiash bombs are loaded with 
flashlight powder, which is similar to black powder as to hazards 
in handling and storage. Careful handling of photoflash bombs 
is essential to avoid damage to the fiber cases and parachute pull- 
out cords. Photoflash bombs which have become damaged in 
handling or storage, or those which fail to function when 
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dropped should be destroyed in accordance with the regulations 
of paragraph 66e for artillery shell. The safety precautions 
which are attached to the outside of each bomb-case will be 
observed carefully. . 

154. Antitank mines and fuzes.—Antitank mines and fuzes 
are packed together in boxes containing five mines and five fuzes 
to the box. The mines and fuzes in plywood fuze containers are 
placed with diameters upright in compartments within the box. 
High explosive mines for service use are loaded with TNT or 
with trimonite, and employ a detonating fuze containing tetryl. 
The regulations of section XV will govern the storage, handling, 
and shipment of these mines and fuzes. 

The practice mine consists of an unloaded mine body. The 
practice mine fuze is loaded with 100 grains of red phosphorus 
and 60 grains of black powder, A-No. 4. The regulations of this 
section covering blank ammunition will govern the storage, han- 
dling, and shipment of practice mines and fuzes. 

155. Grenades.—a. Grenades are of two types: Hand and 
rifle. Hand grenades are classified as fragmentation, practice, 
and chemical. The only standard rifle grenade is loaded with the 
chemical filler, CN. 

b. Practice grenades are empty grenade bodies provided either 
with grenade fuzes with detonators, or with black powder burst- 
ing charges and grenade fuzes having black powder igniting 
charges. 

c. Training grenades do not contain explosives, and are clas- 
sified as inert metal components. 

d. Grenades are packed as follows: The standard method of 
packing hand grenades is in individual fiber containers in boxes. 
However, there are still some chemical and fragmentation hand 
grenades packed in metal lined boxes, and some fragmentation 
and training hand grenades with and without fuzes in wooden 
packing boxes. Rifle grenades are packed fuzed, in wooden pack- 
_ing boxes with the cartridges and rods in separate boxes. The 
packing and marking of grenades are covered in technical regu- 
lations, on ordnance drawings, in specifications, and in standard 
nomenclature lists. 


120 ORDNANCE SAFETY MANUAL 


SpecTrion XTX 
METAL COMPONENTS 
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156. General.—a. Metal components, loaded and unloaded, 
are an important part of the reserve ammunition maintained 
for use in an emergency. They always will be protected against 
rust, deterioration, or damage, so that when shipped to a loading 
plant only such simple operations as cleaning and repainting 
will be required to prepare them for loading and assembly. 

b. Metal components are divided into lots. The size of a lot 
varies for various types of components, the stage of manufacture, 
and other similar factors. The first lots manufactured are 
usually small containing from 1,000 to 5,000 units. As manu- 
facturing methods become well established the lots may increase 
in size to 25,000 or 50,000 units. Lots of small components such 
as primers, boosters, and fuzes are much larger than lots of 
projectiles and bombs. Metal components are manufactured 
to meet definite physical and chemical requirements of War 
Department specifications and drawings, and each lot is accepted 
for use on the basis of specific tests and inspections. 

157. Packing and marking.—a. Considerable variation ex- 
ists in the methods used for packing metal components. Under 
normal conditions they usually are shipped directly from a 
manufacturing plant to a loading plant in carload lots. To 
avoid unnecessary expense it is the general policy to pack com- 
ponents in boxes or crates which can be reused for shipment 
of the same components after they are loaded. For example, 
many of the inert fuzes now in storage are packed in the 
standard boxes for loaded fuzes, the only difference being that 
the metal liners are not sealed. The above policy cannot be 
applied to components for rounds of fixed ammunition. Car- 
tridge cases, shell and shrapnel, are packed in commercial 
wooden or fiber boxes of a convenient size and weight. 

b. Although variations exist in methods of packing, it will 
be noted in all cases that the main objective is to make certain 
that the method used will protect the components against damage 
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during shipment, and afford reasonable protection against de- 
terioration in storage. 

c. All metal components are identified by mark or model 
numbers, lot numbers, manufacturer’s initials, and inspector’s 
initials. Wherever possible this information is stamped directly 
on the components, and always on the containers in which 
components are packed. The place where the marking will be 
found is shown on the ordnance drawing for each component. 
For example, the lot number, manufacturer’s initials and in- 
spector’s initials are stamped into the steel body of a shell 
just forward of the rotating band. In most cases this stamping 
is not visible until the paint or protective coating is removed. 

158. Handling and shipping.—Where practicable, metal 
components will be shipped in accordance with the methods 
specified for loaded components. Empty shell should be shipped 
in accordance with the specifications for packing projectiles in 
freight cars. Components always must be handled and shipped 
so that they will reach their destination in good condition. 

159. Storage.—a. Metal components which comprise part of 
the reserve, and which may remain in storage for a number of 
years, will be protected carefully against deterioration. When 
necessary, they will be reconditioned or renovated in accordance 
with specific directions of the Chief of Ordnance. 

b. They will be stored in buildings which afford good protec- 
tion against the weather—particularly against moisture and 
dampness. Temporary buildings with steel or corrugated iron 
roofs, and buildings with dirt floors, are not suitable for storage 
of metal components. Magazines or warehouses with concrete~ 
floors should be used. The roofs of buildings in which metal 
components are stored should be inspected frequently, for if a 
leak occurs the material which becomes wet usually will require 
reconditioning or renovation. Corrugated-iron roofs are subject 
to sweating and extensive damage may result from this cause. 

c. Metal components in boxes will be piled in accordance with 
storage practice prescribed in Army Regulations, and such ad- 
ditional instructions as may be prescribed by the Chief of Ord- 
nance. Precautions will be taken to insure that the components 
at the base of piles are not damaged, and that the weight of upper 
tiers will not crush boxes in lower tiers, allowing the pile to 
topple over. For example, cartridge cases for 75-mm. ammuni- 
tion are stored in fiber containers. If the containers are stored 
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so that cartridge cases are standing squarely on their bases 
they will support several upper tiers without damage, but if 
they are stored on their sides the containers may collapse, dam- 
aging the cartridge cases. Cartridge cases not packed in con- 
tainers should be stored on their bases and not on their sides. 
Boards should be placed between each tier to distribute the 
weight and insure a stable pile. In storing empty shell, pre- 
cautions will .be taken to protect the rotating bands. When 
dunnage is not used, shell will be staggered -in piles, so that 
no weight rests on the bands. A solid foundation is of primary 
importance, because if foundations give way and the piles 
topple over, shell may be badly damaged. In piling and stacking 
metal components the allowable floor load should be determined 
and checked against the weight of the components in a pile. 
The allowable floor load will not be exceeded. 

160. Maintenance.—Metal components which are deteriorat-_ 
ing will be reconditioned or renovated in accordance with spe- 
cifie instructions furnished by the Chief of Ordnance. 
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SEcTION XX 


SAFETY OPERATING REGULATIONS FOR MANUFAC- 
TURING AND LOADING PLANTS 
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161. General.—a. In addition to the safety regulations con- 
tained in parts I, II, and IV of this manual, which also must be 
observed when applicable, the following rules and regulations 
will govern operations in buildings, rooms, or portions of a 
plant in which hazardous materials are manufactured, loaded, 
or handled. 

b. The rules as formulated herein offer the minimum require- 
‘ments compatible with proper safety. It is not intended to 
limit the establishments in this direction, and it should be 
expressly understood that commanding officers are entirely free 
to superimpose any additional safety rules which may be de- 
sirable because of local conditions which necessarily cannot be 
covered by a manual of this general nature. 

162. Safety organization.—a. The safety organization of a 
manufacturing or loading plant necessarily should be more ex- 
tensive than that of a storage establishment. <A satisfactory 
organization for large plants should consist of: (1) A safety 
officer, (2) a safety board, (3) all foremen, (4) a safety engineer 
where necessary. 

b. The safety board should consist of three or more members 
appointed by the commanding officer. 

c. The duties of a safety board are to advise the commanding 
officer relative to the establishment of safety measures necessary 
for the proper safeguarding of personnel and property. In addi- 
tion to its other duties, this board should recommend the maxi- 
mum amount of hazardous material, and the maximum number 
of persons to be permitted in each operating room of the plant. 
Recommendations and decisions of the safety board will be 
executed as directed by the commanding officer. 
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d. All foremen are responsible under the direction of the 
commanding officer for the enforcement of safety rules and 
standards for all work performed under their supervision. 

163. Duties of a resident safety engineer.—a. The resident 
safety engineer, under such rules and regulations aS may be 
prescribed by the commanding officer, and the safety officer, 
should ordinarily be held responsible for coordinating safety 
practices at the establishment with comparable and applicable 
safety practices followed by similar commercial industries. He 
should act in the capacity of professional adviser to the com- 
manding officer in all questions relating ta the safety of the 
establishment. He may perform such additional administrative 
duties as may be assigned to him by proper authority. 

164. Hazardous operations.—a. All process equipment must 
be examined by a competent person specifically designated for 
the purpose, to insure that it is in proper and safe working 
condition before work is commenced. 

b. If machinery or other equipment is out of order or gives 
indications of improper operation or serious defect, or if foreign 
substances or objects are discovered in hazardous materials, work 
must be stopped at once, unless the. dangerous condition is cor- 
other than operations incident to storage, will be permitted in 
any storage building. 

c. No operations in which hazardous materials are involved, 
other than operations incident to storage, will be permitted in any 
storage building. 

d. Hazardous materials in loose or liquid form must be trans- 
ported in covered containers. No liquid explosives will be car- 
ried outside a building by hand in buckets, unless special 
permission is obtained from proper authority. 

e. Explosives dust or other hazardous materials will not be 
allowed to accumulate on radiators, heating coils, or steam or 
hot-water pipes. , 

f. Efficient drowning tanks and arrangements for rapid drown- 
ing must be provided for all hazardous materials in an acid 
state, or which are likely to decompose. 

g. No experiments, tests, other than routine work, will be 
undertaken in an operating building without first notifying the 
person in charge. If such work adds to the general hazard and 
can be performed otherwise, it must not be done during opera- 
tions or with unnecessary persons present. 
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h. Major repairs or changes will not be undertaken in an 
operating building during regular operations, nor without the 
removal of the hazardous materials, nor without the knowledge of 
the employee in immediate charge of the building, nor with un- 
necessary persons in the immediate vicinity. Loose hazardous 
materials must be cleaned up and surfaces washed or desensitized 
as far as practicable. Danger signs will be used when men are 
working out of the normal line of vision, for instance, overhead. 

4. Immediately after any repairs or changes all tools and 
materials must be removed and accounted for before the building 
is in proper condition to operate. The person in immediate 
charge of such work may remain in the building to see that it 
operates properly, but he first must send his assistants to a safe 
distance. . | 

j. Waste materials, sweepings, or refuse contaminated with 
hazardous materials must not be left in or near operating build- 
ings. It should be taken, as soon as practicable, in closed con- 
tainers to buildings set apart for its recovery, or to the burning 
ground to be destroyed in small quantities under careful super- 
vision. Such material must not be buried or thrown in any. 
stream, or tidewater unless it is decomposed by, or is soluble in 
water. The latter disposition will be permitted only if authorized 
by local ordinances. 

k. Paints, oils, etc., unnecessary to operation will not be 
permitted to remain in operating buildings. Oily waste must be 
kept in approved waste cans. 

t. Condemned equipment which has been used with hazardous 
materials must not be removed outside the plant until it has 
been freed from contamination. : 

m. All operating buildings must be kept clean and orderly, and 
their immediate surroundings must be maintained clear of 
rubbish, undergrowth, or other readily combustible matter. All 
implements must be kept in designated places. Explosive or 
highly inflammable dust will not be permitted to accumulate. 

m. Tools or other implements used in the vicinity of hazardous 
materials must be handled carefully and kept clean. Metal 
tools used in any operation will be those approved by competent 
authority, and the method of their use must be specifically out- 
lined. 

o. Containers of hazardous materials, shell, and other heavy 
objects must be lifted or wheeled, and not dragged, dropped, or 
thrown about in operating buildings. 
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p. Before freight cars, trucks, or other conveyances Or carriers 
which have contained hazardous material leave the plant they 
must be inspected and freed from contamination. 

q. Portable extension lights must not be introduced into oper- 
ating buildings while hazardous materials are present, unless 
absolutely necessary. Any light introduced must conform with 
requirements of paragraph 169e. 

r. Hand fire equipment may be provided at operating buildings. 
In case of fire in buildings containing loaded shell or explosives 
which may detonate or explode upon exposure to intense heat, 
employees must leave the vicinity after the fire has passed the 
incipient stage. This provision applies also to hazardous ma- 
terials in closed vessels or tanks exposed to intense heat. 

8s. Safety shoes and special clothing will be worn in operating 
buildings containing hazardous materials, as required by the 
type of material or nature of the operation. 

165. Intraplant transportation.—a. Locomotives used in 
intraplant transportation will be of such a type, or will be so 
equipped that they cannot set or communicate fire. Inspections 
will be made frequently to insure their safety. 

b. Chemical fire extinguishers must be carried on all loco- 
motives and self-propelled vehicles. 

c. The carrying of hazardous material on locomotives, tenders, 
or electric tractors is prohibited. 

d. Locomotives must not remain in front of buildings contain- 
ing hazardous materials longer than necessary to “spot” cars 
for loading or unloading purposes, and doors to these buildings 
must be closed when locomotives which do not comply with the 
provisions of paragraph 7a (21) are passing. 

e. Switching cars by making a “flying switch” is prohibited. 
All Interstate Commerce Commission safety regulations relating 
to safety devices, safety guards, etc., should be applied to intra- 
plant transportation. 

f. Prominent crossing signs should be displayed on each side of 
all railroad crossings. Openings between rails must be suitably 
filled at crossings. 

g. Trestles must have a walkway and railing on one side. 

h. Standard-gage tracks should have clearances as approved 
by the American Railway Engineering Association. Particular 
attention should be given to height and horizontal clearance of 
loading platforms, horizontal and vertical clearances for build- 
ings and other structures, and horizontal distances between 
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tracks. The distance from the top of rails to overhead wires 
carrying under 300 volts should be 25 feet; for wires carrying 
over 300 volts, 35 feet. 

4. Tramcears, trucks, and other conveyances used in the trans- 
portation of hazardous materials must be so constructed that no 
part of the load can fall off. 

j. Motortrucks or other carriers with metal strips in the body 
floor must not be used in the transportation of hazardous ma- 
terials unless a wooden floor or lattice is provided. 

k. Trucks or wagons loaded with hazardous materials must 
not stop near any point where a fire may be burning, including 
blacksmith shop, forge, welding plant, burning plant, or locomo- 
tive. 

l. Trucks used in the transportation of hazardous materials 
must be kept in good condition, particularly as to brakes, tail 
gates, doors, exhausts, leaks of fuel, etc. Frequent inspections 
shall be made of each vehicle so used to insure its safety. 

m. Segregation of explosives and loaded components should be 
in accordance with the storage chart (Appendix IT). 

n. Explosives or hazardous material, whether in containers, in 
bulk, or loaded into projectiles, must not be handled roughly, 
thrown about, tumbled over the floors, or over other containers, 
dragged or pushed along the floor, or in any way handled so 
that shock or friction may cause a fire or an explosion. 

o. Narrow gage or industrial tracks should have the following 
clearances: Width not less than 18 inches over the widest car 
used ; headroom not less than 7 feet. Center to center of parallel 
tracks should equal the width of the widest car, plus 244 feet. 

p. Parking of privately owned automobiles within Ordnance 
stations will be so controlled as to minimize fire hazards. Auto- 
mobiles will be parked in designated areas only, outside the 
plant fence if practicable. 

q. Trucks or vehicles loaded with hazardous materials must 
not be left unguarded. 

166. Machinery.—c. All protective appliances required by 
the laws of the State in which the plant is located must be 
installed, whether or not specifically included in these safety 
standards. 

b. Whenever practicable all protective appliances should be 
removable and readily replaceable. Such protective appliances 
must be strong enough to retain their shape when removed. 
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c. Adequate protective appliances must be used on all installa- 
tions. 

d. Where access to the machinery is necessary while it is in 
motion, protective appliances or sections of the same may be 
hinged. Positive locking devices are required, and in case of 
covers or gates, provision must be made to prevent the devices 
from being self-closing. No removable or hinged sections are 
permissible for use in routine oiling while machinery is in 
motion. 

e. Serious accidents have occurred in the handiing and use of 
discarded explosives process machinery, pipe fittings, and equip- 
‘ment, because all waste explosives had not been removed. Be- 
fore any equipment used in the manufacture or handling of 
explosives is moved from the area where it has been in use, it 
must be cleaned and thoroughly inspected. Before selling any 
scrap metal which has been previously used in the manufacture 
of explosives, it must be heated in a hot fire at the burning ground 
at a temperature higher than the decomposition point of the 
explosive. The heating of such materials is a hazardous opera- 
tion, and all due precautions must be exercised. 

f. All exposed projections attached to revolving shafting must 
be guarded. 

g. Shafting within 7 feet of the floor must be completely 
guarded. Provision must be made for the safe oiling of all 
bearings. Overhead chains or belts which because of speed or 
size would injure operators, on breaking, must be guarded. 
Every spoke pulley, the bottom of which is 6 feet or less above 
the floor, or working level, shall be protected by guarding as 
required for belts. 

h. All belt shafting and starting devices should be simple, with 
locking attachments in the stop position. Shafting and starting 
or stopping handles must be in a safe location and must not 
project into the passageway or be otherwise located so that the 
machine may be accidentally started. 

i. Belt shifting by poles should be avoided. Where it is neces- 
sary to have pegs for idle belts they must keep the belts away 
from moving parts, bearings, oil, or grease. 

j. All electrical safety control apparatus will comply with the 
regulations as set forth in paragraph 169e. 

k. At all points where equipment is being repaired, oiled, or 
which for other reasons must not be started because of danger 
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to some employee, a danger sign will be attached to the starting 
handle of the switch. 

tl. Chains, hooks, slings, and ropes must be inspected regularly. 

m. Emery wheels must have a substantial safety hood and 
should have large-size flanges with cushioned washers. .Speed of 
emery wheels must not exceed the manufacturer’s guarantee. 
Examination of the wheel for cracks should be made at regular 
intervals, and the face should be turned up at frequent intervals. 

167. Woodworking machinery.—a. Woodworking shops, 
other than small repair shops, should have an efficient exhaust 
system for wood waste. 

b. Planer heads must be substantially covered with a removable 
guard over the exposed portion of the planer blades. 

c. Rotating parts of woodworking machinery should be free 
from all projections or should have the projections guarded. 

d. Circular saws must be completely incased below the table 
and must have an adjustable hood protecting the operator above 
the table. Band saws must have both wheels and return side 
of band incased with a substantial removable housing. The 
cutting side must be housed with an automatically adjustable | 
guard, giving protection at all openings or capacities, 

e. Jointers and surfacing machines must be equipped with 
safety cutter heads. Power shapers, matching machines, mor- 
tising machines, tenoning machines, and similar types of machines 
must have cutter heads completely hooded or guarded. Sanders 
must have a revolving head hooded with an automatically 
adjustable guard. 

f. Nailing machines must have safety housing and safety stop 
devices, 

SgcrIon XXI 


SAFETY STANDARDS FOR MANUFACTURING AND 
LOADING BUILDINGS 


Paragraph 
GOTGTS D a2 3 a ee ee a ee eee oe ee Se eee eee 168 
Manufacturing and loading buildings-_______.__--___-_____-__~- 169 
Acids and inflammable materials buildings____-___-__-_-_-_-_-____ 170 
Storage of volatile liquids and acids___________-___---------____- 171 
Sprinkler Systems. ..2-+ 2s eee ee eee 172 
Power-house installations and equipment-.__._--_---__-__--_--_ 173 
Refrigeration. plantss.2 2. 522-243-2.oes te ee Ga eS 174 


168. General.—a. In operations involving the manufacture 
or loading of hazardous materials it is essential that buildings 
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and facilities be planned and used with due regard for the safety 
of the various processes as well as for convenience of production. 
The regulations of this section are intended to cover the special 
requirements and hazards of manufacturing and loading plants. 

169. Manufacturing and loading buildings.—a. Distances. 
intraplant distances will be used in Separating explosives 
operating and storage buildings forming a production line. In- 
habited building distances as set forth in section V will be 
complied with in separating production lines from each other or 
from other sections of the plant such as administrative, quarters, 
or magazine areas. 

b. Ventilation.—All buildings where fumes or explosives dust 
are produced in must be ventilated thoroughly to prevent poison- 
ing the operators. 

c. Heat.—When heating is required in buildings containing 
explosives it will be direct or indirect, depending upon the 
character of the explosives in the building. 

d. Air conditioning.—Air conditioning of operating buildings 
should be installed in accordance with applicable portions of the 
National Board of Fire Underwriters’ regulations for Air Con- 
ditioning, Warm Air Heating, Air Cooling and Ventilating Sys- 
tems, and shall satisfy such local requirements as may. be pre- 
scribed by the commanding officer relative to installations in 
hazardous locations. 

e. Electric power and light.—(1) Electric motors will not be 
located in rooms or buildings containing explosives, dust from 
explosives, vapors from which explosives may condense, in- 
flammable vapors or dust which may form explosive or in- 
flammable mixtures with air unless such use is given specific 
approval by the Chief of Ordnance. Motors normally should be 
located outside of buildings containing these substances with no 
connection to the process building except through mechanical 
power transmission and control devices which pass through 
glands or apertures adequately sealed against egress of the 
hazardous material in the building. 

(2) Lighting installations for illuminating rooms or buildings 
containing explosives, dust from explosives, or vapors from 
which explosives may condense normally should be mounted at 
adequate distances from the building and should be designed 
to shine through panels such as approved in paragraph 169f. 
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Lighting installations may be located in such rooms or buildings 
when approved by the Chief of Ordnance. 

(3) Electric lighting installations located in rooms or build- 
ings containing inflammable vapors or dust which may form 
explosive or inflammable mixtures with air will comply with 
the requirements of the National Electrical Code or will be ap- 
proved by the Chief of Ordnance. 

(4) The detailed requirements for lighting fixtures for hazard- 
cus locations prescribed in applicable Ordnance safety bulletins 
will be observed. 

f. Windows.—(1) In explosives or other hazardous areas the 
windows are preferably of wire glass. Measurable protection 
from broken glass may be secured by screens backed or supported 
by heavy wire netting. This, of course, results in the reduction 
of illumination from the window thus protected. Woven copper 
wire screens, 16-mesh, backed up by 2-mesh galvanized wire 
cloth, have béen found practicable for this purpose. 

(2) The use of screen and wire mesh for buildings within 
operating lines will be based on the location of windows being 
considered, and the numbers of persons regularly employed in 
the vicinity of the windows. 

(3) The use of screen and wire mesh for protection against 
glass in skylights is mandatory. 

(4) Screen and wire mesh for the protection of persons in 
buildings at inhabited building distances from operating lines 
ordinarily will not be required except in special cases where 
they are considered necessary because of such considerations 
as peculiar topography, or the exposure of great numbers of 
people behind large windows directly facing dangerous buildings. 

g. Doors.—(1) All exits should be marked plainly, and care 
should be taken that they remain unobstructed at all times. 
Outside doors must open outward. Safety doors, required in all 
buildings containing explosives, should be double doors glazed 
with clear wire glass. In no case should the opening be less than 
2 feet 6 inches by 6 feet 6 inches. During operating hours, in all 
cases, they must be fastened with antipanic catches only. All 
interior doors must be in the norma! line of the flow of material 
and open in the direction of the flow of material. 

(2) Safety doors which are higher than 4 feet above the 
ground should be provided with safety chutes, stairways, or 
inclined ramps, 


~ 
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h. Safety chutes.—(1) Safety exits must open on a platform 
not less than 3 feet wide. Safety chutes will begin at the out- 
Side edge of the platform and not at the edge of the building. 
Landings from safety chutes must be located at protected places. 
If the end of the chute is constructed parallel with the ground, 
the passage of the person using the chute will be slackened 
sufficiently to obviate the need of a landing cushion. Cushions 
are unsatisfactory during winter in cold climates because they 
freeze. Exits must lead directly to routes which permit escape 
- from the vicinity of the building itself. These routes must be 
free from tripping hazards, low guy lines, or other obstructions. 

(2) Chute ends must not be over 24 inches above the ground. 
If necessary, the end of the chute must have a horizontal run 
sufficient to prevent injury of the employee due to speed of exit. 

(3) The following safety-chute dimensions are recommended : 
Angle, 30° to 40° from horizontal; depth of chute, 24 inches; 
radius of bottom of chute, 12 inches. Chutes under 15 feet 
require no horizontal section. Chutes 40 feet in length require 
€ feet of horizontal section, with the juncture well rounded. 
The sheets of metal of which the chute is constructed must lap 
in the direction of travel. 

1. Fire escapes.—Fire escapes are required only in buildings of 
two stories or higher and only where other suitable emergency 
exits are not provided. 

(1) Every floor requiring fire escapes should have-at least 
two widely separated exits, preferably located in opposite sides 
of the room or building, and clearly marked “fire escape.” Where 
fire escapes are required they should be of fireproof construc- 
tion, with admittance only from windows or doors glazed with 
wire glass. 

(2) Outside fire escapes, except safety chutes, are inferior 
to stairways as means of escape. When constructed they should 
be located on dead walls, with no opening other than windows 
or sash doors glazed with wire glass. 

(3) Stairs should not be less than 22 inches in width. Ca- 
pacity should be computed on the basis of 22 inches for every 
14 people who would use it in an emergency. 

j. Stairways.—Stairways must have handrails, and long stair- 
ways should have landings and turns. The construction of wind- 
ing or spiral stairways should be avoided. For a rise less than 
20° an incline or ramp should be used. For a rise between 20° 
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and 50° stairways are required. Landings should be the same 
width as stairways and not less than 3 feet in length. 

k. Platforms, runways, and railings.—Platforms or runways 
are required wherever employees are required to go into places 
where injury may result from falls or from contact with moving 
machinery or other objects. 

(1) Platforms and runways require at least one stairway or 
fixed ladder. Platforms or runways exceeding 30 feet in length, 
or 250 square feet in area, require two stairways or ladders. Plat- 
forms or runways should be designed with a minimum strength 
of 50 pounds per square foot. 

(2) Platforms or runways around tanks should be built at 
least 3 feet 6 inches below the top of the tanks. 

(3) Platforms, floor openings, runways, stairways, tanks, or 
open vats, the tops of which are less than 3 feet above the 
floor of the building or platform, and other places where the 
hazard could be minimized by a railing, must be guarded by 
suitable railings consisting of handrails, midrails, and toe boards. 

(4) Permanent railings should be of metal, except in process 
buildings, where metal railings would increase the hazard. 
Toe boards are not required on platforms or runways around 
tanks or vat tops which are 6 inches or more above the floor 
of the building or runway. 

(5) Railings, platforms, and runways must be made of first- 
class materials and constructed in a substantial manner. 

1. Ladders.—(1) Permanent ladders of either metal or wood 
require a minimum back clearance of 24 inches, a minimum front 
‘clearance of 6 inches, and a minimum side clearance of 12 inches. 
When possible, these dimensions should be increased. Permanent — 
ladders should extend 3 feet 6 inches above landings. Landings 
or platform spaces should not be over 16 feet apart. Ladders and 
cages around the platform should be constructed of first-class 
material in a workmanlike manner. Where a ladder inclines 
more than 1 foot in 6 feet, it should be replaced with a stairway. 

(2) Portable ladders of the wall, platform or step type, all 
scaffolding of the assembly type, and all ladder planks of the 
fixed length type or the extension type must be purchased with 
the idea of use and safety, rather than of cost. 

(a) All ladders and similar related equipment should be 
purchased and delivered in the unpainted condition. After in- 

- gpection for knots, checks, and cracks, they shouid be stenciled 
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for department, specific use and other identifying information 
and then painted with two or more coats of linseed oil. 

(0) All repairs to ladders and related equipment should be 
so made as to place the ladders in their original conditions as 
nearly as possible. Improvised repairs and improvised ladders 
are prohibited in Ordnance establishments. 

(c) All platform and stepladders will be so constructed as to 
permit the tightening up of side rails and treads by suitable 
means originally incorporated in the ladder design. 

(ad) Extension ladders will be used as extension ladders and 
not as two or more single ladders. 

(e) Frequent inspections will be made of all ladders and 
ladder equipment, both as to condition and as to utilization. 

(f) Where portable ladders are used regularly and often for 
the same operation, they should be replaced by permanent 
ladders. 

(9g) Portable ladders will be equipped with nonslip ladder 
shoes, bracings, cleats, or will be planted in the ground, or held by 
an employee. 

m. Cranes.—(1) A capacity plate showing capacity of hoists 
in pounds or tons must be posted in a protected and conspicuous 
place on each crane. The plate must show the lift capacity of 
the hoist or crane under varying conditions. 

(2) Parts of lifts and fastenings must be inspected weekly 
and an inspection report filed with the resident safety engineer 
monthly. 

(3) Locomotive cranes and derricks must be equipped with, 
effective outriggers and rail clamps. . 

n. Elevators.—The following rules apply only to elevators 
carrying passengers or an operator. 

(1) Carrying capacity must be posted at all entrances to 
the elevator and in the elevator. 

(2) Elevators and all elevator equipment must be inspected 
weekly and an inspection report filed with the resident safety 
engineer monthly. 

(3) Elevators must be of a safety type with safety catches, 
automatic limit stops, and emergency exits. The gate or door 
must be guarded securely by approved gates or hatchways. 
Gates or doors must be arranged so that the elevator will not 
- gtart until the gate or door to the elevator has been closed. . 
Devices giving equal security are acceptable. 
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(4) Hlectrical power and lighting installations will be in 
accordance with the provisions of paragraph 169e. 

o. Drowning and deluge systems.—Satisfactory drowning tanks 
and arrangements for complete and rapid drowning or deluging 
must be provided for all hazardous process materials which are 
likely to fume, burn, or to decompose quickly. Automatic and — 
hand-controlled deluge systems will be installed at any location 
where an incipient fire may be quenched by the instant deluge 
of water started by an operator, or the fuzing of the link nearest 
to the fire. Installations must conform to applicable portions 
of National Board of Fire Underwriters’ Standards for Sprinkler 
Equipments. 

(1) Melting kettles, cotton pickers, powder cutters, and other 
machinery or processes, in which there is a process fire hazard, 
should be equipped ‘with hand-operated, quick, or instant control 
deluge systems in addition to an automatic device. 

(2) The deluge system will be charged with steam, water, or 
chemicals, depending upon the character of the fire to be 
controlled. 

p. Agitation.—Nitrators, washers, and other machines which, 
because of the hazard of the process and the likelihood of decom- 
position of the process material, are provided with mechanical 
agitators, should have two means of agitation, each operated 
from an independent source of power. 

q. Tunnels.—Whenever tunnels are used for pipes or passage- 
ways they must be provided with a sufficient number of exits. 
They must be well lighted, drained, and ventilated. Live steam 
lines in tunnels must be installed with care; they: must be well 
anchored and have necessary provision for expansion and 
contraction. | 

170. Acids and inflammable materials buildings.—a. Build- 
ings or housings should be built of material not actively acted 
upon by fumes and gases which are produced in manufacture. 
Stone, brick, tile, asphaltum painted concrete, acid-resisting 
bricks, and acid-resisting cement are acceptable materials. Car- 
bonaceous materials affected by contact with acids, fumes, and 
gases, should be limited to a minimum in the construction of 
buildings to be used where acids will be present. Floors should 
be of acid-resisting material sloped to a drain connected with 
eatch pits. If an earth floor is used, it should be covered with 
limestone. 
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b. In manufacturing buildings where acids and inflammable 
materials are handled, gases of a toxic, asphyxiating, or in- 
flammable character may be found in the rooms in varying 
amounts, depending upon the design and efficiency of the venti- 
lating system. In some cases this creates a fire hazard, but 
in all cases the efficiency of the employee is lowered in proportion 
to the contamination of the atmosphere in the room. 

171. Storage of volatile liquids and acids.—a. Volatile 
liquids should be stored preferably in tanks in earth-covered 
vaults, below ground level, and at least 30 feet from the building 
where they will be used. However, they may be stored in tanks 
protected with an asbestos covering, above ground, at a safe dis- 
tance from the building where they will be used. Acids are usu- 
ally stored in tanks placed on piers at a convenient location near 
the building where they are used. Spent acid is usually collected 
in tanks located at a good drainage point, the acid flowing by 
gravity from the operating building. Liquids and acids may be 
conveyed from one point to another by means of air pressure or 
pumps. The pipe system should be so arranged that when the 
pump is shut down or the air valve closed the liquid will drain 
back into the supply tank. Gravity feed to an operating building 
is undesirable, owing to possible losses because of leaks in the 
pipe or fittings. Danger signs should be provided to indicate 
acid leaks. All quantity storage should be provided with earth 
dykes of sufficient height to confine any serious leakage. 

b. All the safety standards outlined in section XX, Safety 
Operating Regulations for Manufacturing and Loading Plants 
apply also to the buildings described above, 

172. Sprinkler systems.—a. Sprinkler systems should be 
installed wherever the checking of an incipient fire is desirable. 
The installation must conform with the standards of the Na- 
tional Board of Fire Underwriters for Sprinkler Equipments, as 
well as with other safety regulations covering special equipment. 
Sprinkler systems should not be installed where water will in- 
crease the fire hazard. Placards in buildings containing sprink- 
ler systems should prohibit the storing of materials which become 
more hazardous in the presence of water. 

b. There are two types of sprinkler systems: (1) The wet-pipe 
system, in which pipes are filled with water which is released 
when the temperature of the room rises above the fusion tem- 
perature of the link. 
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(2) The dry-pipe system, in which compressed air fills the pipes 
to the main valve, which opens when the pressure is released by 
the fusion of the link or leakage in the system. This latter pos- 
sibility is a serious disadvantage of the system. Another dry- 
pipe system is provided with open-head sprinklers and a thermo- 
static control of the main valve which opens if there is a rapid 
rise in temperature. 

c. The links or “heads” are made with fusion temperatures 
as low as 115° F. (461° ©.), up to practically any desired limit. 
Openings in floors, partitions, tunnels, shafts, or any conditions 
which will cause a draft and prevent the concentration of heat 
of an incipient fire on the links, should be obviated in order for 
heat to cause the fusing of sprinkler heads in case of fire. Draft 
stops 12 inches deep should be provided at regular intervals, ex- 
cept where beams or girders make draft stops unnecessary. 

d. In addition to the cut-off valve in the building, another 
valve should be provided outside of and at a safe distance from 
the building, in case it is impossible to enter and shut the valve 
inside. : | 

e. Valves on sprinkler systems should be marked plainly and 
should be arranged so that there can be no confusion with the 
service systems of the building. 

f. Pressure gages of the system should be located in prominent 
places, at least 1 foot above the floor. All sprinkler shut-off 
valves in the building should be “sealed” open. 

g. A sprinkler system should draw its water directly from the 
water main and be independent of the service supply of the 
building. The system should be drained twice a year. 

h. Pressures ranging from 80 to 100 pounds per square inch 
are recommended for sprinkler systems. 

4. Periodic tests will be made of all sprinkler systems to insure 
their proper functioning. 

173. Powerhouse installations and equipment.—Powerhouse 
equipment, boilers, engines, and auxiliary equipment will be 
installed and operated in compliance with applicable A. S. M. B. 
codes and National Electrical codes, and such other applicable 
codes, regulations, or standards as are recognized ag standard 
practice. 

174. Refrigeration plants,—lInstallation and equipment in 
refrigeration plants should be in accordance with applicable re- 
quirements of The American Standards Association Safety Code 
for Mechanical Refrigeration. 
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SEcTION XXII 


STORAGE AND HANDLING OF HAZARDOUS RAW 
MATERIALS, EXPLOSIVES, AND INFLAMMABLES 
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175. General.—The manufacture and loading of explosives 
necessitates the handling and storage of a large variety of acids 
and other materials, many of which possess characteristics which 
render them hazardous, and which require the observance of 
special precautions. A brief description of approved methods 
of handling and storage of such materials, and of their character- 
istic hazards is given in the following paragraphs. 

176. Acetone (CH,COCH:;).—a. Storage.—Permanent or re- 
serve storage in large quantities is not recommended. Storage 
in steel tanks underground is considered good practice. Acetone 
may be shipped in iron drums, tank cars, carboys, and cans. 
When stored in these, special protection against fire is required. 
Acetone should be stored in a cool dry place not exposed to 
the direct rays of the sun nor located near radiators or other 
sources of heat. 

b. Hazards.—Acetone has all the fire and explosive hazards 
of inflammable volatile liquids, and the degree of hazard is about 
equal to that of benzene and slightly less than that of gasoline. 
Safety tools and equipment are required in all processes involving 
acetone. 
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177. Acetylene (C,H;).—a. Storage.—Permanent or reserve 
storage is not recommended. It is preferably stored in specially 
constructed and tested steel cylinders. 

b. Hazards.—There is a fire and explosion hazard when acety- 
lene is mixed with 3 to 65 percent of air. When produced from 
calcium carbide it should be produced only in machines author- 
ized by the National Board of Fire Underwriters. Fire ex- 
tinguishers and sprinkler systems are recommended for buildings 
in which acetylene is stored. Acetylene may explode without 
the admixture of air. Special burners are required for its use 
in lighting and heating. Safety tools and equipment are re- 
quired. Low percentages of acetylene with air mixture are not 
explosive or asphyxiating. 

178. Acids, general.—The following precautions should be 
observed in handling, storage, and use of acids: 

a. Because of the danger of glass breakage, due to sudden 
changes of temperature, acid carboys or bottles should not be 
stored in the direct rays of the sun. When a new shipment of 
carboys is received the stoppers should be loosened. If the 
bottles are full, 5 percent of the contents should be removed 
from each to allow for expansion. 

b. Carboys in storage should rest on wooden strips. When 
piled in tiers care should be taken that the bottoms of the upper 
row do not touch the glass necks of those below. 

c. Acids should not be stored in wooden buildings. 

d. Departments where acids are stored or used should be kept 
clean and free from rubbish and all slippery places should be 
treated. Pails of clean water and neutralizing solutions should 
be placed so as to be quickly and easily available for removing 
acid from hands, face, or other parts of the workers, 

e. Where acid fumes have a toxic, corrosive, or asphyxiating 
action, great care should be taken to prevent operators from being 
overcome or injured. 

f. Goggles and respirators should be available and employees 
trained in their adjustment and use. 

g. Metal drums or tanks containing sulphuric acid or its mix- 
tures must not be left open. The absorption of moisture from 
the air creates an acid sufficiently dilute to cause rapid eating 
away of the container at the surface line. 

h. Naked flames, lights, or work of any kind which will cause 
a spark must be avoided around acid stored in metal tanks. The 
action of acid on metal may generate explosive gas mixtures. 
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4. In addition to the foregoing, areas in which acids are stored 
or used should have the following neutralizing material available 
in convenient form: 

(1) For neutralizing acids in quantities, slaked (hydrated) 
lime. 

(2) For cleaning acid from floors and equipment or as may be 
required, 10 ta 20 percent soda-ash solution. This neutralizing 
process gives off heat and should not be used where large quan- 
tities of acid are involved. 

(3) For washes, a 10-percent solution of bicarbonate of soda. 

179. Acid, hydrochloric (muriatic acid) CHCl).—a. Stor- 
age.—Stored in carboys or bottles, preferably in buildings pro- 
vided with acid-resisting floors. Oarboys of HCl should be 
protected against mechanical injury, and should not be stored 
with nitric acid and strong oxidizing substances. 

b. Hazards.—In itself, hydrochloric acid offers no fire or ex- 
plosive hazard. It reacts violently with zinc, iron, aluminum, 
and other common metals, generating heat and hydrogen gas. 

180. Acid, hydrofluoric (HF).—a. Storage—tThis acid is 
shipped and stored in lead carboys, rubber drums, or wax bottles. 
Special care must be taken to protect the containers from injury. 

b. Hazards.—This acid is made by dissolving hydrogen fiuoride 
gas in water. It is very volatile. Both the liquid and its fumes 
are very corrosive and attack most substances, including glass. 

181. Acid, mixed.—General properties.—By mixed acid is 
meant any mixture of sulphuric and nitric acids. Nitrations 
are usually carried out with sulphuric and nitric acids mixed in 
varied proportions. Nitric acid is sometimes used alone for 
nitrating. Constants and properties vary with the mixture. 
Mixed acids containing not less than 10 percent of nitric acid will 
- not freeze at ordinary temperatures and will not actively attack 
steel storage tanks. 

182. Acid, waste (spent acid).—These are acids which have 
been used, usually in nitration. They contain small amounts 
of nitrated product. In the case of spent acid from glycerin 
nitration the hazard is considerable. 

183. Acid, nitric CHNO;).—«a. Storage.—Nitric acid should 
be stored in carboys or enamel-lined tanks, but never in lead- 
lined tanks. When stored in the open, quantities may be un- 
limited ; when stored in buildings, in lots of not over 100 carboys. 
Permanent or reserve storage is not recommended. 
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b. Hazards.—With organic materials it forms explosive com- 
pounds, and with most all oxidizable materials it forms inflam- 
mable compounds, some of which are subject to spontaneous 
combustion. Nitric-acid fires are likely to produce suffocating 
fumes. Good ventilation is required in buildings involving the 
use or manufacture of nitric acid. Space between buildings 
should be sufficient to give room for fire fighting and to prevent 
the accumulation of acid fumes. Workers in nitric acid should 
wear shoes, gloves, gauntlets, woolen uniforms, and aprons of 
impervious material. , 

184. Acid, sulphuric (oil of vitriol) (H:SQ,).—a. Storage. 
It may be stored in carboys, drums, tank cars, or glass bottles. 
Storage in large tanks under acid-resisting surroundings is 
accepted as good practice. Permanent or reserve storage is 
not recommended. 

b. Hazards.—Strong acid chars wood, cotton, and vegetable 
fiber, but in so doing does not cause fire. The addition of water 
develops heat which may be sufficient to cause fire or explosion. 
Carboys of mixed acid sometimes explode, due to pressure of 
liberated gases. Frozen sulphuric acid in carboys is particularly 
difficult to handle. Sulphuric acid should not be stored with 
nitric acid, volatile or inflammable liquids, substances which 
ignite spontaneously, or with oxygen carriers. 

185. Alcohol, ethyl, (grain alcohol) (C.H;OH).—«. Storage.— 
Permanent or reserve storage of large quantities is not recom- 
mended. It is stored preferably in large steel tanks underground 
or in tight steel drums in a cool place, protected by sprinkler 
systems. When stored in the open, exposed to direct rays of the 
sun and at high temperatures, water should be sprayed on the 
drums continuously. 

b. Hazards.—The hazards are similar to those of all volatile 
and inflammable liquids, but are less than those of ether or 
gasoline. 

186. Alcohol, methyl (wood alcohol) (CH,OH).—a. Stor- 
age.—Same as ethyl alcohol. 

b. Hazards.—Fire and explosive hazards are greater than for 
ethyl alcohol. Methyl alcohol] is the most toxic of the alcohols 
and poisoning takes place as readily through the skin and lungs 
as through the stomach. 

187. Aluminum (Al), powdered.—a. Storage—General ware- 
houses. Containers: Cartons in wooden shipping boxes, hard- 
wood kegs or barrels. Keep ina dry place. 
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b. Hazards.—Forms inflammable and explosive mixtures with 
air and oxidizing substances. Containers should be safeguarded 
against mechanical injury. Aluminum should not be stored 
adjacent to oxidizing compounds such as sodium nitrate or 
potassium chlorate. In case of fire do not use water as this 
may result in an explosion. 

188. Amatol.—a. Storage—Amatol is not a manufactured 
product, but a mixture made at the time of loading. There 
should be no occasion for storing. If stored, boxes lined with 
moisture-proof paper, holding 100 pounds net weight, are 
recommended. 

b. Hazards.—In general, the hazards are slightly less than 
for TNT. Drenching systems controlled automatically and by 
instantaneous devices are desirable on melting kettles and other 
process machinery. Safety shoes and safety uniforms are re- 
quired in process buildings. All practices and precautions re- 
lating to health and safety required in the handling of TNT are 
required in processes involving amatol. 

189. Ammonia (anhydrous).—a. Storage—In warehouses 
when contained in steel cylinders or commercial shipping 
containers. 

b. Hazards.—May cause asphyxiation if breathed in sufficient 
quantities from leaky containers or pipes. Gas masks with spe- 
cial canisters for protection against ammonia fumes should be 
provided. 

190. Ammonium perchlorate (NH.C10,).—a. Storage.—In 
magazines for explosives, preferably in a fire-resistant type of 
warehouse. Containers: Glass bottles, or iron drums. 

b. Hazards.—A fire and explosive hazard when associated with 
carbonaceous material or finely divided metals. 

191. Ammonium nitrate (NH.NO;).—a. Ammonium nitrate 
is a crystalline powder varying in color from aimost white to 
brown. It is mixed with TNT in the manufacture of amatol, 
which is an authorized bursting charge for ammunition. Usually, 
ammonium nitrate can not be detonated by heat or friction, but 
it may be exploded by a heavy initiation. It may be exploded 
by relatively light initiation if it has been sensitized by certain 
impurities, among which are many carbonaceous materials. Am- 
monium nitrate is not very inflammable at usual temperatures, 
but fires involving ammonium nitrate in large quantities become 
an explosive hazard. 
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bv. Storage.—When stored in approved metal containers in a 
high explosives storage area the quantities and distances for 
high explosives storage will be complied with. When stored in 
an area with inflammable materials, which area is separated from 
buildings containing high explosives by inhabited building dis- 
tances as set forth in section V of this manual, ammonium 
nitrate may be stored in accordance with the safety distance 
regulations for smokeless powder. 

c. All manufacturing operations in ammonium nitrate lines 
are considered explosives operations ; but the neutral liquor itself 
is not considered hazardous prior to the beginning of the manu- 
facturing process. Although there are records of explosions in 
highly concentrated liquor being processed in the high pans, 
there is no record of an explosion having occurred in the liquor 
in such concentrations as are necessary for successful shipment 
in and handling to and from tank cars. 

192. Ammonium picrate (explosive D) (NH.C,H;(NO;),0).— 
a. Storage.—Stored in magazines for explosives. Containers: 
As given in the United States Army Specification No. 50-13-83. 
Boxes with moisture-proof lining, 1.27 by 1.10 by 0.90 feet, 50 
pounds net weight, 60 pounds gross weight; 1.90 by 1.33 by 1.33 
feet, 100 pounds net weight, 113 pounds gross weight. Also stored 
in kegs and barrels. 

b. Hazards.—(1) In general slightly less than those for TNT. 
No lead in any form will be permitted in buildings handling this 
explosive. 

(2) Sprinkler and deluge systems are recommended in con- 
nection with drying and assembling processes. Such systems will 
be of service in preventing the spread of fire rather than in 
extinguishing fires in the burning material. Fires involving 
large quantities of this material may result in violent explosions. 
Fires involving projectiles loaded with this material may be 
expected to detonate as soon as the fire becomes intense or the 
pressed explosive becomes ignited. Cleanliness in all processes 
involving the handling of the material is recommended. 

193. Amy] acetate (banana oil) (CH;CO,C;H::).—a. Storage.— 
Permanent or reserve storage in large quantities is not recom- 
mended. It may be stored in commercial airtight metal 
containers. . 

b. Hazards.—Amy] acetate has the fire and explosive hazards 
of volatile and inflammable liquids in a degree somewhat greater 
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than alcohol and less than ether or gasoline. When mixed with 
alcohol the hazard is increased. 

194. Barium chlorate (Ba(Cl0,3,).—a. Storage.—Shipped and 
stored in wooden boxes, barrels, or kegs. It should have isolated 
storage and should not be stored in the same building with com- 
bustible materials, acids, sulphur, powdered magnesium or 
powdered aluminum. 

b. Hazards.—Pure barium chlorate is not sensitive to friction, 
but impure chlorate, or material spilled on the floor, or mixed 
with small amounts of impurities, becomes very sensitive to shock 
and friction. It is a strong oxidizing material. It forms ex- 
plosives mixtures with carbonaceous materials. Water is the 
best agent for fighting fires involving barium chlorate. 

195. Barium nitrate (Ba(NO;);).—a. Storage.—In general 
warehouses. Containers: Iron drums or wooden barrels. 

b. Hazards.—A dangerous fire hazard. 

196. Barium perchlorate (Ba(C10,).:).—a. - Storage. —This 
substance is shipped and stored in wooden boxes, barrels or kegs. 
Isolated storage is preferable. Precautions should be taken to 
prevent injury to containers. 

b. Hazards.—Barium perchlorate is a strong oxidizing ma- 
terial. It will form explosive mixtures with combustible ma- 
terials such as sulphur, powdered magnesium, aluminum, and 
carbonaceous substances. Any spilled material must be cleaned 
up at once and removed from the building. For sensitiveness to 
friction, see Barium Chlorate. 

197. Barium peroxide (BaO,).—a, Storage.—Store is tightly 
closed metal containers in a cool dry warehouse. Do not store 
with starch, sulphur, powdered metals, or other combustible 
materials. 

b. Hazards.—Oxidizing material and dangerous fire hazard. 
Reacts with water to produce oxygen. Smother fire with sand, 
ashes, dry earth, or roek dust. Do not use water. 

198. Benzene (C.H.).—a. Storage.——Permanent storage of 
large quantities of benzene is not recommended. It may be 
stored in tanks, in airtight steel drums, or carboys. 

b. Hazards.—Sprinkler and deluge systems will be of service 
only in extinguishing fire in the building before benzene becomes 
inflamed. Chemical extinguishers using carbon tetrachloride, 
firefoam, or treated sawdust are effective against fire in benzene. 
Hazards in the manufacture of benzene are those of fire and 
explosion of materials having low flash points. Strict enforce- 
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ment of lighting and power requirements, and the use of safety 
tools and equipment are required. The hazards of benzene are 
similar to those of gasoline and may be treated in much the same 
way. It is very toxic; exposure of personnel should be limited 
as much as possible. Toxic hazards comprise (1) acute poison- 
ing through respiration of fumes and vapors, or injection of the 
liquid, (2) chronic poisoning through respiration over a longer 
period of time of small quantities of fumes or vapors; (3) 
dermatitis due to drying action of solvents. 

199. Black powder.—a. Hazards.—Black powder explodes on 
ignition. The manufacturing process is hazardous. All pre- 
cautions in the way of magnetic separation, especially dust pre- 
vention or elimination, and other safety precautions should be 
observed. The machinery of individual buildings should be 
controlled from a place of safety, and as far as possible, the 
driving machinery should be located behind barricades or 
traverses. So far as possible operators should not be allowed 
to enter buildings while machinery is in operation. 

b. In assembly plants or loading plants, deluge systems and 
sprinkler systems are of value in preventing the spread of fires. 
Small stocks only should be carried in the loading rooms or 
buildings. Black-powder pellets ignite as readily as granular 
powder. Powder which has become dry after drenching resumes 
sufficient of its explosive properties to become a serious explosive 
hazard. Carbonaceous materials which have absorbed liquors 
leached from black powder constitute a high order fire hazard. 
Lumber or carbonaceous materials from black-powder buildings 
will not be released for reuse. Repairs may be made safely 
only by strict adherence to all safety measures. 

200. Calcium carbide (CaC,).—a. Storage.—Calcium carbide 
is shipped and stored in iron drums and tin cans. It should be 
stored in a dry, well-ventilated place. There is little danger in 
storing this material if the drums are tightly closed so that no 
moisture can come in contact with the carbide. 

b. Hazards.—The hazard lies in the formation of acetylene 
gas which results when water is mixed with calcium carbide. 
Drums must be closed tightly to prevent the entrance of water. 
Water should not be used in fighting fire involving calcium 
carbide or carbide acetylene generators. 

201. Carbon tetrachloride (CCL).—a. Storage.—Stored in 
metal drums or tinned cans, 
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b. Hazards.—Not a fire hazard. In the presence of heat, car- 
bon tetrachloride may form hydrochloric acid and phosgene. 
Such conditions occur when it is used as a fire extinguisher. 
When absorbed into the body through the respiratory or digestive 
systems, it may cause severe illness and even death. Persons 
who are subject to alcoholism, lung, kidney, or heart trouble 
should not be assigned to work with carbon tetrachloride. When 
used openly in a shop good ventilation must be provided and 
respiratory equipment provided all personnel who may be 
affected. 

202. Caustic soda (Sodium hydroxide) (NaOH).—a«. Stor- 
age.—Stored in warehouses in airtight containers. Storage of 
large stocks is not recommended. It should not be stored in 
buildings with sprinkler systems. 

b. Hazards.—Aside from its caustic and corrosive properties 
there is no particular hazard. 

203. Charcoal.—a. Storage.—Permanent or reserve storage 
of charcoal] is not recommended. Owing to its tendency to ab- 
sorb gases and moisture, it is stored preferably in airtight con- 
tainers. When stored in bags, the usual shipping container of 
bulk charcoal, it should be piled in tiers with skeleton or gridiron 
floors between tiers and with ample provision for ventilation. 
Storage in bulk is prohibited. 

b. Hazards— While charcoal is a fire hazard of high order, the 
hazard lies mainly in spontaneous combustion. In this respect 
charcoal burned in pits is less likely to spontaneous combustion 
than the product obtained from chemical plants. The hazard is 
also less in softwood than hardwood charcoal, and greater during 
cooling after burning or when drying after having absorbed 
moisture. Contact with certain materials, as, for example, 
alcohols and oils, increases the fire hazard. Charcoal in which 
fire has been extinguished is an increased fire hazard. Fumes 
of gases from smoldering or burning charcoal are toxic. 

204. Cyclonite (Cyclotrimethylenetriniteramine) (C;H.N; 
(NO.)3).—a. Storage.—This compound requires the same condi- 
tions of storage as given for tetryl in paragraph 81 of this 
manual. 

bo. Hazards.—Cyclonite is a stable explosive with properties 
similar to those of tetrylL . 

205. Diazodinitrophenol (C.H:(NO;),N,0).—a. Storage.— 
Same as for mercury fulminate. 

b. Hazards.—Same as for mercury fulminate. 
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206. Dinitrobenzene (C.H.(NO.),).—a. Storage.—It may be 
stored in explosives magazines when packed in wooden boxes 
lined with moisture-proof paper not exceeding 100 pounds net 
weight to the box. 

b. Hazards.—Similar to those of TNT. Very toxic. . 

207. Dinitrophenol (C.H.CNO,),(2: 4)).—a. Storage. — Con- 
tainers: Wooden barrels. 

b. Hazards.—Dangerous fire hazard. Explosive when warm. 
More poisonous than picrie acid. When handling dinitrophenol 
necessary precautions should be taken to prevent poisoning, such 
as wearing respirators, gloves, and special clothing. 

208. Diphenylamine ((C-H;)2NH).—a. Storage.—It may be 
stored in warehouses. Authorized shipping containers: Hard- 
wood barrels lined with kraft paper. 

b. Hazards.—While combustible, the hazard appears to be 
slight, although definite information about its behavior in this 
respect is limited. 

209. Ether ((CsH;).0).—a, Storage. — Permanent or reserve 
storage in large quantities is not recommended. It may be 
stored in tanks under ground or in tight metal drums in a cool 
place. It should not be exposed to direct rays of the sun nor 
located near radiators or other sources of heat. 

b. Hazards.—In the manufacture of ether the hazards are 
those involving ether, alcohol, and sulphuric acid. The storage 
hazard is relatively similar to that of gasoline, and, while similar 
to the latter in that the gases are heavier than air, they diffuse 
more readily than gasoline. 

210. Lead azide (Pb(N:):).—a. Storage.—Similar to mercury 
fulminate. ' 

b. Hazards.—This explosive is similar in physical properties 
to mercury fulminate, consequently the same precautions used 
with mercury fulminate should be exercised except that am- 
monium acetate and sodium bichromate are used to destroy lead 
azide in place of sodium thiosulphate. Nonexplosive compounds 
are formed by dissolving lead azide in ammonium acetate and 
precipitating the lead with potassium bichromate. All floors, 
tables, walls, and machines should be washed with a 10-percent 
aqueous solution of ammonium acetate, followed by a wash with 
a 10-percent aqueous solution of sodium bichromate, which in 
turn is washed off with water. All wash cloths or brushes used 
in applying ammonium acetate solution should be treated with 
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sodium bichromate solution. Fixtures should be washed with 
ammonium acetate, rinsed thoroughly with water and the rinsing 
added to ammonium acetate solution before it is decomposed 
with the sodium bichromate solution. An alternate procedure 
which should be used when economically practicable consists of 
destroying lead azide with a 25 percent water solution of ceric 
ammonium nitrate. 

211. Lead styphanate (C.HN:0,Pb).—a. Storage.—Shipped 
and stored subject to the same conditions as mercury fulminate. 

b. Hazards.—Presents the same explosive hazard as mercury 
fulminate. 

212. Magnesium (powdered) (Mg).—a. Storage.—Stored in 
general warehouse in tightly closed metal or metal-lined con- 
tainers. Provision should be made to protect containers from 
mechanical injury. 

b. Hazards.—Magnesium powder is a dangerous fire hazard. 
When disseminated in the air it may be exploded by means of 
a spark. The powder liberates hydrogen when it comes in con- 
tact with water. A fire.should be smothered with dry earth, 
ashes, powdered talc, or similar material. Any of these ma- 
terials should be applied gently as any disturbance of the burning 
magnesium may cause it to spread. Water should not be used 
in fighting magnesium fires, except in those cases in which a 
“fog nozzle” is used to protect firemen or to purposely accelerate 
burning. The use of fog nozzles should be limited to small 
quantities of magnesium. 

213. Match, quick.—a. General properties.—Quick match is 
a fast-burning fuse; positive, and easily ignited. It burns more 
rapidly than safety fuse. Designated by the number of strands 
(as 6-ply). Military use: In the manufacture of certain primers 
or igniters. Produced by impregnating cotton wicking with 
meal (black) powder. 

b. Storage—lIt may be stored in fuze and primer magazines 
when packed in metal-lined airtight containers. 

c. Hazards.—Aside from the black powder (bulk) used in the 
manufacture, the hazard is one of fire. (See Black Powder.) 
Precautions lie principally in maintaining cleanliness and having 
only small stocks of powder and finished material on hand. 

214. Match, slow.—a. General properties.—Slow match is an 
easily ignited slow-burning fuse. Rate of burning approximately 
1 inch in 10 to 15 minutes. Produced by steeping hemp yarn 
in concentrated potassium nitrate liquor. 
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vb. Storage——It may be stored in general warehouses when 
packed in metal-lined airtight containers. 

c. Hazards.—Involves no explosive hazard. Burns slowly. 
Fires in slow match are extinguished with difficulty. 

215, Mercury fulminate (HgC:N;30,).—a. Storage.—Must be 
stored alone or with lead azide or similar compounds. Must not 
be stored dry and not exposed to the direct rays of the sun. 
Mercury fulminate may be stored in shipping containers only 
as an expedient, and then must be stored in frostproof vaults 
with barrels on end, one tier high with passageway for inspection 
and handling. For service storage, glazed earthenware crocks 
‘with covers of ample size to hold the double bag of mercury fulmi- 
nate must be used. Bags may be stored in earthenware crocks 
under distilled water to which alcohol has been added in the 
proportion necessary to prevent freezing. For use between 
service storage and dry houses, leather or rubber pouches will be 
used. Storage in manufacturing magazines will be in crocks 
filled with distilled water. Shipping container: Double bag of 
dry mercury fulminate, with 25 percent water, suspended in a 
hardwood barrel packed solidly with wet sawdust. 

b. Hazards.—All precautions required for protection of maga- 
zines apply. It should not be handled when frozen. Wet fulmi- 
nate of mercury or wet floor coverings containing small quantities 
of fulminate may be burned on windrows of inflammable material. 
Nonexplosive products are formed by neutralizing with cold 
sodium thiosulphate (Na.S.:0;). All floors, tables, and walls in 
rooms in which the dry explosive is used should be washed with 
this solution. In the manufacturing of mercury fulminate the 
fumes given off are toxic and inflammable. Care is required to 
prevent fulminate dust from being carried off in the exhaust 
system. Deposits thus made have caused explosions. Much at- 
tention should be given to cleanliness, as foreign or gritty ma- 
terials in the product may cause an explosion. The floors of 
rooms in which dry fulminate is handled should be covered with 
4g-inch cloth-inserted rubber packing, or equal. All cracks 
and crevices should be covered. The walls of these rooms should 
be covered with glazed waterproof material. Frequent washing 
with neutralizing solution is necessary. The fulminate is dried 
in muslin squares con a drying table. The drying tables may be 
heated with hot water, or the dry house by a warm-air blower 
system. The drying temperature should be between 50° C. and 
60° C. 
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Primer caps and detonators loaded with fulminate of mercury 
are less sensitive than the dry bulk material, but must be handled 
with great care. Fires involving these assemblies should be 
treated the same as the bulk material. They will explode as 
soon as fire reaches the fulminate. Stocks in assembly or loading 
rooms should be kept as small as possible. 

216. Mononitronaphthalene (C;.H7NO.).—a. Storage.—Mono- 
nitronaphthalene is shipped and stored in wooden barrels and 
kegs. It is used as an ingredient in trimonite, as a dye inter- 
mediate, and as an active ingredient in some commercial 
explosives. 

b. Hazards.—Mononitronaphthalene presents no fire hazard in 
storage, but it has the same toxic hazard as other aromatic nitro- 
compounds. 

217. Motion-picture film.—da. Motion-picture film (except 
noninflammable film) should be stored in a cool, well-ventilated 
building of fireproof construction. “No smoking” rules should 
be enforced strictly. All electrical and heating equipment should 
be safeguarded. Any artificial heating should be restricted to 
steam or hot water. Quantities of less than 25 pounds may be 
kept in I. C. C. shipping containers, but more than 25 pounds 
should be stored in standard ventilated cabinets. 

b. Hazards.—Possesses unusual burning characteristics. Has 
a high degree of inflammability and is subject to exothermic de- 
composition. All film should be kept in closed containers except 
what is actually being worked on. The amount exposed should 
be kept toa minimum. Scrap film should be kept separate from 
waste paper and rubbish, preferably under water. Burning film 
produces toxic fumes which may prove fatal when breathed into 
the lungs. Personnel fighting fires in motion-picture film will be 
provided with suitable protective equipment. 

218. Nitrocellulose (nitrocotton).—a. Gun cotton—This is 
the most highly nitrated cotton. Its nitrogen content is 13 per- 
cent or over. Soluble in acetone, but only slightly soluble in 
ether-alcohol mixtures. 

b. Pyrocotton.—Nitrated cotton having a nitrogen content of 
12.5 to 12.7 percent. Entirely soluble in ether-alcohol. 

c. Pyrovylin.—Nitrated cotton with a nitrogen content usually 
less than 12.5 percent. Soluble in amyl acetate. 

d. Of these, pyrocotton is of primary interest from a military 
point. Pyrocotton is the base of smokeless powder. When dry 
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it is sensitive to shock and friction. It is highly inflammable 
and explosive; burns rapidly without smoke and leaves no 
residue. 

e. Storage.—Nitrocellulose containing 20-35 percent moisture 
is stored in zinc-lined boxes or metal drums. Storage of dry 
nitrocellulose is not permitted as it is attended with all the 
hazards of a sensitive and easily ignited high explosive. 

f. Hazards.—(1) Fires involving wet nitrogen may be fought 
without fear of. explosion. Fires involving dry nitrocotton 
usually are followed by detonation of the entire mass. 

(2) Nitration involves fire and fume hazards in addition to 
those incident to the handling of acids only. Efficient ventilating 
systems and safety exits are required for the operators. Nitra- 
tion buildings should have all safety appliances and standards 
required under “Safety standards,” such as neutralizing solu- 
tions, automatie sprays, and, as far as possible, shoes, aprons, 
gloves, etc., impermeable to acids. 

(3) In the boiling, beating, poaching, and wringing processes 
the hazards may be those of dry nitrocotton due to process ma- 
terial which has become dry. Protection against this hazard 
lies in cleanliness. Low-temperature heating medium only.should 
be used in these process buildings. 

(4) The drying of nitrocellulose by the fan system of warm-air 
circulation involves considerable hazard. It will be resorted to 
only for drying small quantities for experimental purposes where 
the usual method of dehydrating may not be applicable. Dry 
nitrocellulose is not only very easily ignited and highly sensitive 
to friction or impact, but readily accumulates static charges. 
Trays used for drying must be well grounded. The flow of air 
should be carefully controlled and the temperature not allowed 
to exceed 38° C. Drying must be conducted in a special, well- 
isolated dry house, which must be thoroughly washed out after 
each charge. All persons entering the dry house must wear safety 
shoes and safety clothes. No tools will be permitted to remain 
in the dry house. 

219. Nitroglycerin (NG) (C,;H:(ONO,):).—a. Nitroglycerin 
usually is manufactured only as required in manufacturing opera- 
tions. It is stored for more or less immediate use in special 
nitroglycerin storehouses, which are process buildings. It is kept 
under constant surveillance until it is used. 

b. Hazards.—The manufacturing processes are hazardous. 
State laws usually require the stages of manufacturing process 
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to be carried out in separate buildings, the material being allowed 
to flow from one building to the next through lined gutters. 
During nitration, cooling is imperative. Drowning tanks must 
be provided to receive the mixture should the temperature rise 
to the danger point. Utmost cleanliness is required. Floors 
should be covered with lead and be without crevices of any kind. 
The lead floor covering should be carried to the height of the 
baseboard. All joints must be “lead burned.” Small quantities 
of nitroglycerin may be neutralized or destroyed with sodium 
sulphite-wood alcohol solution. All machinery, equipment, and 
tools are “special” in that they are designed for the particular 
process and with full consideration of safety features. Frozen 
nitroglycerin is particularly difficult to handle. During thawing, 
internal changes may take place which are accompanied by 
evolution of heat sufficient to cause an explosion. Nitroglycerin 
cannot be shipped by freight or express. 

220. Oxygen (0).—a. Storage—By itself in open shade. 
Containers: Tested steel cylinders of special construction. 

bo. Hazards.—A. dangerous fire hazard. 

221. Oil, linseed.—a. StorageIn genera] warehouses. Con- 
tainers: Tinned cans and hardwood barrels. 

b. Hazards.—Fires from spontaneous combustion have been 
caused from linseed oil, soaked rags, and cotton waste. 

222. Paints, enamels, varnishes, lacquers, japans, and 
dopes.—a. Storage.—In general warehouses. Containers: Cans, 
drums, or hardwood barrels. May not be stored nor used near 
open fires. 

b. Hazards.—Always a fire hazard. Paints with driers are 
an explosive hazard. In buildings where paints and oils are 
used in connection with manufacturing or assembling process, 
stocks should be kept at a minimum and a system of ventilation 
controlling all vapors should be a part of the installation. 
Sprinkler and deluge systems are not recommended except as a 
control of secondary fires. Firefoams, pyrene, carbon dioxide, 
earbon tetrachloride, and treated sawdust, are effective fire ex- 
tinguishers; water is not effective as an extinguisher for large 
oil fires. 

223. Phenol (carbolic acid) (CcH;OH).—a. Storage—Should 
be stored in general warehouses. For permanent or reserve 
storage extra quality drums should be used, e. g., iron lined with 
chemical lead. 
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bd. Hazard.—When manufactured from benzene the hazards of 
benzene and its vapors are included. Benzene tanks should be 
located underground. Careful contro] of temperature in the 
sulphonating process is required so that vaporization rate is not 
excessive. The possibility of unsulphenated benzene in the 
secondary process should be precluded. Provision for taking 
care of fires in melting pot should be made. The melting house 
should be preferably of fire-resistant material. Lime storage 
must be entirely separate from process buildings. ‘The dissolving 
and distillation process should be carried out in a detached 
building ; automatic shut-off on connections should be installed. 

224. Phosphorous (P).—a. White phosphorus.—(1) Stor- 
age.—Preferably in small quantities in isolated building. Con- 
tainers: Submerged in water in sealed metal vessels inclosed in 
wooden boxes or in metal drums. Must be kept above freezing 
temperature to avoid bursting of containers with resulting fire 
on exposure of the phosphorous to air. 

(2) Hazards.—Dangerous fire hazard. 

b. Red phosphorus.—(1) Storage—In general warehouses. 
Containers: Iron drums or sealed metal containers inclosed in 
wooden boxes. 

(2) Hazards.—Forms very sensitive mixtures with oxidizing 
agents. A dangerous fire hazard. 

225. Pentaerythritetetranitrate (PETN) (C(CH;NO;),).—a. 
Storage.—Must be packed wet with not less than 40 percent by 
weight of water in metal barrels, drums, wooden barrels, or 
kegs, in which the material is packed in cloth or rubber bags. 

b. Hazards.—In general, they are the same as for tetryl, ex- 
cept that this materia] is more sensitive than tetryl, but not as 
sensitive as mercury fulminate. 

226. Picric acid (trinitrophenol) (C.H,(NO,),;0H).—a. Stor- 
age.—Picric acid may be stored either wet or dry in magazines. 

6. Hazards.—The hazards of manufacture include those of 
handling of various raw materials. Drowning, deluge, and 
automatic sprinkler systems are successfully used in the manu- 
facture and handling of this material. In the nitration pro- 
cesses ample ventilation must be provided. Tests of dry picric 
acid show that fires involving this explosive may be extinguished 
with automatic sprinkler systems even after the explosive has 
been well ignited. Although large quantities of dry picric acid 
have been known to burn completely without explosion, the 
possibility of burning resulting in detonation should not be over- 
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looked. When projectiles loaded with picric acid are involved 
in a fire, detonation of the confined heated explosive is certain. 
Safety shoes and safety clothes are required in the manufacture 
and handling of this material. Safety shoes are required in 
buildings where the bulk materiai is being stored, either in wet 
or dry form. 

227. Potassium chlorate (KC10;).—a. Storage.—Same as for 
barium chlorate. 

b. Hazard.—Same as for barium chlorate. 

228. Potassium nitrate (niter, saltpeter) (KNOS8).—a. Stor- 
age.—In warehouses preferably of the fire-resistant type. Com- 
mercial containers. Barrels lined with moisture-proof paper. 

b. Hazards.—It is not readily inflammable but when heated 
provides oxygen for violent combustion or explosions when asso- 
ciated with inflammable or combustible materials. It is es- 
pecially hazardous when stored with oils, tallows, sulphur, jute, 
fibrous materials, acids, and carbonaceous material, such as 
bags, boxes, or lumber. Carbonaceous material which has be- 
come impregnated with nitrate liquors is highly inflammable and 
subject to spontaneous combustion. Owing to its high melting 
point, explosions occur if water comes in contact with the fused 
material. For this reason'water should not be used on fires 
in which it is involved, unless the fire is small and the available 
amount of water is large. Fire extinguishers for use in con- 
nection with the material should be charged with carbon 
tetrachloride. 

229. Potassium perchlorate (KC10,).—a. Storage.—Same as 
for barium perchlorate. 

b. Hazards.—Same as for barium perchlorate. 

230. Smokeless powder, pulverized.—a. General proper- 
ties.—Smokeless powder, pulverized, is finished smokeless pow- 
der which has been ground or comminuted into a finely divided 
condition. In this condition, when dry, it is a high explosive; 
drop test, 8 inches (2 kilograms weight); rate of detonation, 
4,500 M. P. 8. 

b. Storage.—It may be stored with not less than 20 percent of 
water in magazines, packed in metal-lined airtight containers 
similar to wet nitrocellulose. 

c. Hazards.—It is safely pulverized in a water-saturated con- 
dition. 

415950°—_41—_-—_-11 
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231. Sodium chlorate (MaCl0;). —a. Storage. — Same as for 
potassium chlorate. 

b. Hazards.—Strong oxidizing compound. Similar to potas- 
sium chlorate. 2 a 

232. Sodium nitrate (nitrate of soda) (NaNO;).—a. Sior- 
age.—It may be stored in bulk in well-built, moisture-proof, 
preferably fire-resistant storage, or in bags, preferably under 
like conditions. Sprinkler and drenching systems should not be 
used in connection with the storage of this material. It should 
not be stored in frame buildings or with other combustible mate- 
rial. Blasting of caked nitrate of soda when stored in bulk 
(without bags) is not considered hazardous. 

b. Hazards—When stored alone the hazards connected with 
sodium nitrate are negligible. When stored in connection with 
inflammable material, such as the bags in which it is received, 
or a building of frame construction, the fire hazard is consid- 
erable. Fires in piles of bagged material which originated in 
the interior of piles through attempts to loosen the material by 
blasting have been difficult to extinguish. Due to the high tem- 
peratures developed in sodium nitrate fires, water used for ex- 
tinguishing such fires has caused severe steam explosions. 
Burning sodium nitrate also releases toxic fumes which may 
prove fatal if breathed. Personnel fighting such fires will be 
provided with suitable protective equipment. 

238. Sodium perchlorate (NaCl0.).—a. Storage—Same as 
for potassium perchlorate. 

b. Hazords.—Oxidizing material. Classed with potassium 
perchlorate with respect to fire and explosion hazards. 

234. Strontium chlorate (Sr(Cl10;).).—a. Storage—Same as 
for potassium chlorate. 

b. Hazards.—Strong oxidizing agent. Same as for potassium 
chiorate. 

235. Strontium nitrate (Sr(NO;),).—a. Storage.—Store in a 
dry place and prevent contact with combustible material. 


b. Hazards.—Strong oxidizing compound. The wood of bar- 


rels or boxes may become impregnated with the nitrate, in which 
condition they may be readily ignited. 

236, Strontium peroxide (Sr0O.).—a. Storage—Store in 
tightly closed metal ccntainers in a cool, dry warehouse. Do not 
store with starch, sulphur, powdered metals, or other similar 
combustible material. 
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b. Hazards.—Oxidizing material. Reacts with water to pro- 
duce oxygen. Smother fire with sand, ashes, dry earth, or rock 
dust. Do not use water. 

237%. Sulphur (S).—a. Storage.—It may be stored in bulk or 
in shipping containers in warehouses, but preferably in inde- 
Pendent buildings. Shipping containers: Preferably wooden 
barrels coopered with steel. 

b. Hazards.—Ignites readily by flame. In small quantities 
burns slowly, with a relatively cool flame, forming sulphur dioxide 
(SO,), a suffocating gas. In the presence of carbon, lampblack, 
fats, and oils it may promote spontaneous combustion. With 
chlorates and phosphates, or other oxidizing substances it forms 
highly sensitive explosive compounds. 

238. Thermit.—a. Storage——General warehouses. Contain- 
ers: Iron drums. 

b. Hazards.—A fire: hazard. Cannot be extinguished with 
water or chemicals. Control lies in holding fires ignited by 
thermit in check until the molten matériel has cooled off. 

239. Toluene (toluol) (CsH;CH;).—a. Storage.—~Same as for 
benzene. 

b. Hazards.—Same as for benzene. 

240. Tridite.—a. General properties.—Tridite is an arbitrary 
name given to a bomb and projectile explosive composed of a 
mixture of picric acid and dinitrophenol. The melting point is 
between 85° C. and 90° ©. The specific gravity is 1.64. 

b. Storage.—Tridite, if manufactured and boxed, will be stored 
in standard explosives boxes, lined with waterproof paper, in 
explosives magazines. 

¢. Hazards.—Similar to picric acid and dinitrophenol hazards. 

241. Trimonite.—a. Storage—Same as required for picric 

acid. 

b. Hazards.—Same as for picric acid, TNT and other high 

explosives. 

242. Trinitrobenzene (C.H:(NO.)3;).—a. Storage.—Same as 

required for TNT. 
b. Hazgerds.—Explosive and toxic hazard similar to TNT. 
243. Turpentine (Cy»Hs).—a. Storage——In general ware- 
houses. Containers: Cans and hardwood barrels. 

b. Hazards.—A dangerous fire hazard. 

244. Xylene (C.H.(CH:).).—e. Storage.—Same as for ben- 
zene, | 

b. Hazards.—Saime as for benzene. 


PEC 











PART IV 


SPECIAL SAFETY REGULATIONS FOR THE STORAGE 
AND HANDLING OF CHEMICAL AMMUNITION 
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SECTION XXIIT 


GROUPS OF CHEMICAL AMMUNITION 


Paragraph 
Definition of ‘‘chemical ammunition’’___._--___---- 245 
Grouping of: fillings=.- 2-22 ooo a oe ee eS 246 


245. Definition of “chemical ammunition.”—The term 
“chemical ammuntion” is used to designate a variety of forms 
of artillery shell, chemical mortar shell, livens projector shell, 
airplane bombs, grenades, candles, and containers which con- 
tain chemicals and cannot be classified properly as high explo- 
sives or shrapnel. The main types are: 

a. Artillery shell, chemical and smoke filled. 

b. Chemical shell, chemical and smoke filled. 

c. Airplane bombs, chemical, smoke, and incendiary filled. 

d. Grenades, chemical and smoke filled. 

e. Containers, chemical and smoke filled. . 

246. Grouping of fillings.—For the purpose of storage, 
chemical ammunition is divided into four groups according to 
the nature of the fillings. Not all of the fillings listed in the 
accompanying tabulation are used currently as shell fillers, but 
may be encountered. The groups, together with their fillings 
and markings, are as follows: 


awa Markings 
symbol Name 
Present Old 
GROUP A—PERSISTENT 
VESICANTS 
HS Mustard. -_.........---.- HS-GAS, and 2bands | 3 red bands. 
(allin green). 
M-1 Lewisite.................. M-1-GAS8S, and 2] None. 
bands (ail in green). 
GROUP B—TOXIC AND 
SMOKE ! 
DM Adamsite._.............-. DM-GAS, and 1 band | “DM TOXIC.” 
(all in red). 

CA Brombenzylcyanide ?.____|-...-......-...--.-.---- GAS-CA, and 2 
bands (all 
ee: 

CN Chloracetophenone. - - -.-- CN-GAS, and 1 band | “CN” in red, or 

(all in red). ae and 2 red 
an eo 


See footnotes at end of table. 163 
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CWs 


symbol 


Cl 
PS 


DA 
CG 


¥S 


FM 


CNS 
CNB 


WP 


TH 


HC 


CN 
DM 


Name 


GROUP B—TONIC AND 
SMOKE—continued 


Sulfur trioxide-chlorsul- 
fonic acid mixture. 
Titanium tetrachloride. _- 
i oracesopbencne solu- 
Ppiczeceophencue solu- 
tion. 

GROUP C—SPONTANEOUSLY 
INFLAMMABLE AGENTS 
White phosphorus.----_--_- 
GROUP D—INCENDIARY 


AND READILY INFLAM- 
MABLE AGENTS 3 


Hexachlorethane 
ing mixtures 
Burning mixtures of CN.. 


Burning mixtures of DM. 


burn- 


CN-DM| Burning mixtures of CN 
and DM. 


Markings 





Present 


atin a band 
n green). 

PS-GAS, and 2 bands 
all in green). 


DA-GAS, and 1 band 


n red). 
CG-GAS, and 1 band 
(all in green). 


FS-SMOKE, and 1 
band (all in’ yellow). 
FM-SMOKE, and 1 
band (allio orth 
CNS-GAS, and 
band (all in red). 
CNB-GAS, and 1 
band (all in red). 


WP-SMOKE, and 1 
band (allin yellow). 


TH-INCENDIARY, 
and 1 band (all in 


purple). 
HC-SMOKE, and 1 

band (allin yellow). 
CN-GAS, and 1 band 

(all in red). 
DM-GAS, and 1 band 


band (all in red). 


Old 


None. 
1 red and 1 white 
band. 


GAS-NC, and 2 
bands (all in 


green). 

1 nite band. 
2 white bands. 
GAS8-KJ, and 

band (all in eat: 
None. 
2 yellow bands. 
None. 


None. 


1 yellow bana. 


“THERMIT.” ! 





None. 
None. 
None. 


None. 





Parce aud aM as listed in group B refers to these chemicals in bulk or as chemical 
gin shell 
2 Brombenzylcyanide, stannic chloride, and chlorpicrin-stannic chloride have - 
been declared obsolete, but small quantities of these materials are stillin storage and, 
therefore, it is considered desirable to retain them in this table. The present mark- 


ings for these items will be changed to old markings, and there will 
markings 


no present 


3In Group D the chemicals are mixed with smal]-grain smokeless powder as a filling 
for grenades. 
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SECTION XXIV 
GENERAL RULES FOR STORAGE OF CHEMICAL 
AMMUNITION 
Paragraph 
General. “Pules 22 or eee ee ees 247 
Report on leaking ammuntion---__---____-_~----_-----._---- 248 
Report of infuries._____.____.--__--__--- ST ee PRE RST RS SE ON 249 
Special equipment______________~__~-__~ eee 250 
Protection of personnel_________---___-__--------__---_---- 251 
Signs on magazine doors___._.------__----------~---------- 252 
Disposition of defective ammuntion--_____-___-__--_--_----_. 253 
Packing, marking, and shipping--------__.--_----.----_____ 254 


247. General rules.—a. The general rules for magazines and 
storage will be followed as set forth in part I of this manual, 
with the additions and exceptions as hereinafter stated. De- 
tailed instructions covering chemical ammunition may be found 
in FM 3-15, Chemical Warfare Service Field Manual. 

b. Whenever possible, each kind of material will be stored 
separately. However, unless prohibited herein, chemical am- 
munition items of the same group (sec. XXIII) may be stored 
together. Chemical ammunition of two or more groups of fill- 
ings will not be stored together except upon specific approval of 
the Chief of Ordnance. 

c. Chemical ammunition will be stored in accordance with 
current ordnance drawings except for those lots for which spe- 
cial instructiqns are issued by the Chief of Ordnance. 

d. Ammuntion will be handled carefully. It must not be 
dropped or unnecessarily jarred. The same mechanical equip- 
ment for handling may be used as indicated for high-explosive 
shell of the same size and weight. 

e. In any temporary emergency, necessitating storage out- 
doors overnight or for a longer period, chemical ammunition 
will be covered with a tarpaulin to protect it from the direct 
rays of the sun and from rainfall. Ammunition will be piled 
to permit free circulation of air. 

f. Chemical ammunition must be inspected at regular inter- 
vals—at least semiannually—to determine the condition of the 
paint, or other rust-preventing covering. If deterioration is 
found, immediate corrective measures will be taken, as outlined 
in paragraph 253. 

g- The 1-ton containers should be stored, preferably under a 
shed or otber open-side protection, to allow handling with a 
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crane. The shed should be of sufficient size to protect containers 
from rain. If stored in an open shelter, containers must be sup- 
ported above the ground. 

248. Report on leaking ammunition.—a. Any chemical 
ammuntion found to be damaged or leaking, will be reported 
immediately to the officer in charge of the magazines. 

bv. A report will be made to the Chief of Ordnance on all 
chemical ammunition found in a damaged or leaking condition. 
This report will include the following data: 

(1) Type and amount. | 

(2) Lot number. | 

(3) Date discovered. 

(4) Detailed information regarding the nature of the leak, 

and whether it appeared to have been caused by defective mate- 
rial or improper handling or packing. | 


(5) Disposition, or in the event that immediate disposition is 


not required, recommendations for such disposition. 

oc. A copy of this report will be forwarded direct to the Chief, 
Chemical Warfare Service. | 

249. Report of injuries.—Injury reports in duplicate pre- 
pared in accordance with existing regulations will be forwarded 
promptly to the Chief of Ordnance, who will forward one copy 
to the Chief, Chemical Warfare Service. 

250. Special equipment.—a. The extreme danger involved 
in working with chemical ammunition cannot be overemphasized. 
Because of this danger all personnel who work in magazines 
or buildings assigned to chemical storage will be provided with 
appropriate protective equipment. Refer to paragraphs 207,. 
265, 273, 281. 

b. Where special equipment is placed as called for in the fol- 
lowing sections of this manual (under the special rules for the 
storage of various groups of chemical ammunition), a list shall 
be posted showing the quantity of each item required. This 
special equipment shall be replenished as required to maintain 
the full quantity in serviceable condition. 

c. All required special equipment will be so marked as to pre- 
clude possible misapplication. 

d. Special equipment will be inspected to note condition and 
compliance with rules at each regular inspection of the maga- 

zines for which the equipment is provided. 
' 251. Protection of personnel.—ca. Protective and _ first-aid 
equipment will be provided for those employees handling defec- 
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tive or leaky chemical ammuntion. For further information on 
first-aid measures see TM 8-285, Treatment of Casualties from 
Chemical Agents. 

b. Protective equipment which has become unserviceable will 
be promptly replaced. The officer in charge of each establish- 
ment in which protective equipment is on hand will have this 
equipment inspected as often as is necessary to insure service- 
_ ability. 

c. Personnel must wash their hands thoroughly with soap and 
water after handling chemical ammunition and particularly be- 
fore eating. — 

252. Signs on magazine doors.—There will be posted on 
the doors of all magazines containing chemical ammunition 
appropriate signs such as shown below: 

a. Signs for group A chemical ammunition magazines — ‘This 
magazine contains chemical ammunition of group A (blistering 
agents). Complete protective equipment must be worn to avoid 
burns, if leaking ammunition is present.” 

b. Signs for group B chemical ammunition seca gslasecienis 
magazine contains chemical ammunition of group B (toxic and 
smoke agents). Mask must be worn if odor is present.” 

c. Signs for group CO chemical ammunition magazines.—This 
magazine contains group C chemical ammunition (spontaneously 
inflammable). If fire breaks out, put on asbestos, or heavy 
leather gloves and place burning component in water.” 

d. Bigns for group D chemical ammunition magazines.—“This 
magazine contains group D chemical ammunition (incendiary and 
readily inflammable). Don’t use water on fires in this building.” 

253. Disposition of defective ammunition.—a. The meth- 
ods prescribed for the disposition of defective chemical ammu- 
nition in the following sections of this manual, under special 
rules for each of the several groups, contemplate the destruction 
of the small number which ordinarily might be encountered. 

b. Under exceptional circumstances where large quantities of 
ammunition are involved the disposition will be, if practicable, 
by order of the Chief of Ordnance. However, if this delay is 
not feasible, destruction will be accomplished by methods decided 
upon by the responsible officer. The methods employed will be 
predicated on the properties of the fillings as stated herein, but 
need not follow literally the methods of destruction specified. 

254. Packing, marking, and shipping.—Chemical ammuni- 
tion and components will be packed, marked, and prepared for 
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shipment in accordance with ordnance drawings and specifications 
for other ammunition. Where applicable, I. C. C. regulations 
apply to the shipment of chemical ammunition. In brief, these. 
provide that boxes must be marked with the name of content 
and labeled as prescribed by specific regulations. All containers 
must be tightly and securely closed. Inside containers must be 
cushioned. Stowing, loading, and bracing are very important. 
Packages must be braced so that shifting will not occur. In 
general, boxes sbould be stowed on the most stable side and 
arranged in such a manner that the joints between boxes are 
staggered. The end of each tier of boxes should be braced with 
a strong, well-constructed wooden brace well nailed to the floor 
and the sides of the car or other conveyances, but not to the 
boxes themselves. Barrels or large drums stow und brace best 
when standing on their ends. Cylinders and small kegs stow 
and brace best on their sides. 


SECTION X-XV 


SPECIAL SAFETY REGULATIONS FOR GROUP A CHEM- 
ICAL AMMUNITION (PERSISTENT VESICANTS) 


Paragraph 
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255. Description of group A fillings.—a. Mustard (CWS 
symbol, HS; chemical name, bis-beta-chlorethylsulfide) as filled 
in munitions is a liquid, dark brown to black in color, melting 
at 46° F. to 50° F.). Its odor is rather faint and somewhat like 
horseradish or garlic. Its action is that of a vesicant or blister- 
ing agent. The liquid, or vapor therefrom, causes intense in- 
flammation which may proceed to blistering of any skin or 
membrane with which it comes in contact. It causes reddening 
of the eyes (conjunctivitis), burning of the nose and throat, 
inflammation of the trachea (windpipe) and lungs, and burning 
or blistering of the skin. These symptoms develop 4 to 24 hours 
after exposure, thus giving no warning that a person is being 
burned. An extremely slight concentration will cause very 
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severe burns. It can be detected by its odor in any concentration 
likely to produce burns. However, one rapidly becomes accus- 
tomed to the odor so that after a few minutes’ exposure the 
smell is no longer noticed. When a dangerous concentration of 
mustard is detected, it is absolutely essential that all unpro- 
tected personnel leave the magazine at once. Any work done 
thereafter should be performed by men, completely protected, 
wearing gas masks, protective clothing, protective gloves or 
mittens, and protective shoes or boots. 

b. Lewisite (CWS symbol, M-1; chemical name, B-chlorviny]- 
dichlorarsine) like mustard has strong vesicant properties and 
is a powerful lung irritant. Its vesicant action is not delayed, 
however, and the blisters differ in appearance from those pro- 
duced by mustard. Lewisite, being an arsenous compound, has 
the additional property of entering and poisoning the blood 
stream. It is classed as a persistent agent, but is readily hydro- 
lyzed by water. However, the hydrolysis product formed is 
itself a vesicant and very toxic, and contaminated areas will 
remain dangerous for a long time. Lewisite when pure is a 
colorless or slightly yellow liquid, but the product as usually 
prepared is a dark green oily liquid. It has a faint but unpleas- 
ant odor which resembles geraniums. The vapor causes a very 
disagreeable burning sensation in the nose and throat, and some- 
times violent sneezing. This material is practically insoluble 
in water, but is readily soluble in absolute alcohol, benzene, kero- 
sene, olive oil, liquid petrolatum, and other solvents. Woolen 
clothing gives some protection against M-1 vapor. Wet wool 
absorbs more than dry wool, hydrolyzing the M-1. Most closely 
woven rubberized fabrics, as well as leather and rubber, offer 
little resistance to penetration by liquid M-1. Lewisite is de 
stroyed by an alcoholic solution of caustic soda. Chloride of 
lime may be used to destroy it in the field. M-1 does not attack 
steel appreciably, and no special lining is necessary for shells. 
This material was not used during the World War. 

256. Storage.—a. Ammunition and components with group A 
filling will not be stored in magazines with wooden floors. They 
preferably should be stored in magazines with concrete floors. 
The floor should be treated with sodium silicate to render it 
nonabsorbent. The use of rubberoid or other floor covering is 
prohibited. At all ordnance depots and storage points, ammu- 
nition of class A will be stored in fireproof magazines, 
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b. The slight odor of mustard or lewisite in a magazine may 
not always indicate the presence of leaking ammunition. How- 
ever, excessive concentrations of fumes do indicate leaking am- 
munition. Foremen, inspectors, or other authorized persons who 
are thoroughly familiar with work in magazines containing these 
agents must be present when a magazine is opened, in order to 
determine whether or not the magazine contains leaking 
ammunition. 

c. If it is decided that a magazine contains leaking ammuni- 
tion all personnel must put on protective clothing and equipment 
before they enter the magazine. All windows and doors of the 
magazine will be opened and a search conducted under the direct 
supervision of some responsible officer or foreman until the leak- 
ing ammunition is located. 

d. Unboxed ammunition or containers filled with HS (or M-1) 
must be handled only by personnel wearing protective gloves or 
mittens. 

e. The officer in charge of the storage of munitions in this 
group will cause frequent inspections to be made to insure com- 
pliance with regulations and to ascertain if leaking ammunition 
is present. 

f. Some unboxed shell now in storage are covered with cosmo- 
line. These should not be set on readily combustible material 
such as wood because, in warm weather, this coating impregnates 
the wood thereby increasing the fire hazard. 

257. Special equipment.—ca. The following protective equip- 
ment will be made available when men are working in magazines 
where this material is stored: 

(1) Service gas masks. 

(2) Protective clothing. 

(8) Protective footwear. 

(4) Protective gloves or mittens, 

(5) Commercial bleach or chloride of lime (calcium oxy- 
chloride containing not less than 35 percent chlorine (100 pounds 
for each ton of HS up to a total of 2 barrels of bleach). 

(6) Iron tanks of such size as will readily contain the largest 
shell or container in storage, preferably equipped with handles 
(55-gallon drum and larger excepted). 

(7) First-aid equipment to include: Twenty tubes Protective 
Ointment M1; 3 dozen clean flannel, or cotton cloths, 1 sq. ft., or 
equivalent; 1 pint of a solution consisting of 10% sodium 
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hydroxide, 30% glycerin and 60% water, to be labeled, “For 
REMOVAL OF LEWISITE—EXTEBNAL Use ONnzLy. Do Nor USE IN 
EYES.”; one syringe, or douche cup; 1 nose cup; a supply of 
Soap and water. 

b. One percent sodium bicarbonate solution, and saturated 
boric acid solution will freeze, so it may be impracticable to 
store them as solutions during the winter months. In this case 
the requisite amount of sodium bicarbonate or boric acid should 
be kept in a 1-pint bottle or jar; labeled and corked. To use, fill 
with water and shake thoroughly, after which it may be applied 
as directed in paragraph 258 of this section. 

258. First aid.—All agents classed as “vesicants” have also 
a powerful lung irritant action. 

a. Mustard gas.—(1) The casualty immediately should be 
taken out of the contaminated atmosphere or area and his 
contaminated clothing removed. Any portions of the clothing 
splashed with liquid mustard should be cut away. If the face 
has been exposed, wash the eyes and rinse the nose and throat 
with a saturated boric acid, weak sodium bicarbonate, or common 
salt solution. If the vapor has been breathed, he should be 
treated and handled as a lung irritant casualty. (Aso see par. 
266a.) First aid must be prompt, for little can be done later 
than 20 to 30 minutes after exposure. 

(2) Vapor burns on the skin may be mitigated or even pre- 
vented by thorough cleansing with soap and water (preferably 
hot) immediately after exposure. 

(3) Mustard burns or skin areas wet with liquid mustard 
should be immediately and repeatedly swabbed with Protective 
Ointment M1. The ointment should be thoroughly wiped off 
after each application. 

(4) Fresh cloths should be used and the spreading of con- 
tamination should be avoided. After cleansing with the oint- 
ment, affected parts should be washed thoroughly with soap 
and water. Cloths used in removing liquid mustard become 
contaminated and should be burned or buried after use. A 
weak, freshly prepared solution of chloride of lime and water 
may be used if protective ointment is not available. This mlx- 
ture is itself very irritating to the skin and must, therefore, be 
removed by subsequent washing with soap and water. 

(5) Fresh, uncontaminated clothing must be supplied where 
necessary, All casualties should be evacuated as soon as possible. 
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b. Lewisite—(1) To be of any value against Lewisite, first- 
aid measures must be instituted very soon after exposure. The 
treatment is similar to that for mustard. 

(2) With Lewisite burns, whether from vapor or liquid, the 
danger of poisoning from absorbed arsenic far overshadows the 
effect of the actual burn. Therefore, it is imperative to neutral- 
ize, if possible, any arsenic present and not yet absorbed. This 
may be accomplished by the immediate application of some 
hydrolyzing agent. The solution of sodium hydroxide (caustic 
soda) in glycerin has been found very efficient if applied soon 
enough. Following the hydroxide solution, soap and water 
should be used. 

(3) Fresh, uncontaminated clothing must be supplied where 
necessary. All casualties should be evacuated as soon as 
possible, 

259. Leaking ammunition.—a. When leaking ammunition 
or components are located they will be disposed of at the direction 
of the officer in charge. 

b. At all times during the handling or disposal of leaking 
ammunition adequate protective clothing and equipment will be 
worn by each person so engaged. : 

c. A leaking shell or component will be immersed in freshly 
prepared bleach solution and then removed down wind from the 
magazine area. The bleach solution should be prepared in iron 
tanks large enough to contain the shell in question. The solu- 
tion is made up with 3 pounds of chloride of lime to each gallon 
of water thoroughly mixed. 

d. Depending on the facilities available, the final disposal of 
leaking shell or components should be made by one of the 
following methods: 

(1) In situations where such shell can be dropped into deep 
ocean water, this is the preferred method of disposal. (See in- 
structions regarding consulting port authorities in par. 65p). 
Where disposal at sea is impracticable, and a sufficiently isolated 
area is available, the shell should be exploded by static firing. 
The point where the shell is exploded should be chosen so that 
personnel can be excluded for a period of approximately 48 
hours from the area 1 mile downwind from where the shell is 
exploded. Also personnel must be prevented from passing within 
a distance of 150 yards from the point where the shell is exploded, 
for a period of about 2 weeks, 
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(2) Where conditions do not permit of using either one of the 
two methods above outlined, it is suggested that a small hole 
(about one-fourth inch) be drilled into the void space of the 
shell. A handful of waste or cloth wadding saturated with 
5 percent bleaching powder solution should be held around the 
point where the shell is being drilled, to absorb any HS vapor 
emitted when the drill pierces the shell. The hole is then reamed 
or drilled to a diameter large enough to allow the HS content of 
the shell to be poured out. The contents of the shell are poured 
onto a pile of loose earth and bleaching powder mixture in the 
bottom of a hole about 5 feet deep, dug at least 200 yards from 
well sites. The pile of loose earth and bleaching powder mixture 
in the bottom of the hole should consist of an intimate mixture of 
about 1 bushel of loose earth and 1 bushel of ordinary bleaching 
powder (35 percent available chlorine). The emptied shell 
should be placed on top of the bleaching powder, and the hole 
back-filled to within a foot or so of the top. Then, approximately 
a barrel of water should be poured into the hole, and the back- 
filling completed. If HTH (bleaching powder containing about 
65 percent available chlorine) is used instead of ordinary bleach- 
ing powder in this method of disposal, only about half as much 
powder should be used. The quantities herein indicated are 
based on 156-mm. shell which contain approximately 11 pounds 
of mustard. In the case of 7-mm. shell which contain ap- 
proximately a pound of mustard, a correspondingly smaller 
amount of soil and bleaching powder mixture should suffice to 
_ destroy the mustard. : . 

(3) The mustard in a shell opened by drilling as above indi- 
cated also may be destroyed by pouring it onto a closely packed 
pile of wood containing about a fourth of a cord. The mustard 
should be poured uniformly over the wood and the empty shell 
placed on top of the pile. The wood is then set on fire and 
personnel excluded from the downwind area to a distance of 
200 yards while the wood is being consumed. If the shell is 
heated to a red heat in this method of disposal mustard adhering 
to the shell walls will be destroyed. If the shell contains a 
burster charge, the charge should be removed before the shell is 
placed on the pile of wood. -In emptying the shell, either into 
soil or onto wood, personnel should remain to windward. Drill- 
ing tools contaminated with mustard should be cleaned thoroughly 
by immersing in a 5 percent solution of bleaching powder for 
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10 to 15 minutes and then washing with water. The drilling 
and emptying of the shell should be done by personnel having a 
fair knowledge of the properties of HS. They should be aware 
of the necessity of guarding themselves against contamination 
either by the vapors or liquid mustard. Masks and protective 
clothing shouid be worn in handling leaky mustard-filled shell. 

(4) A single leaking shell or component may be exploded in a 
pit at least 6 feet deep. Place the shell at the bottom of the pit 
after inserting the bursting charge designed for use with the 
shell. Connect an electric detonator or blasting cap and fuze 
to the bursting charge in such a manner as will insure explosion 
of the charge. Backfill the pit and explode the shell after all 
personnel have retired to a safe distance. Pour 5 gallons of 
freshly prepared bleach solution on the fill and then scatter suf- 
ficient dry bleach over the fill to cover the disturbed ground to 
a depth of approximately 2 inches. Place a permanent sign 
on the fill prohibiting digging in the vicinity. 

260. Leaking containers.—a. The officer in charge of the 
magazine, or other responsible officer, will be notified whenever 
a shipping container is discovered to be leaking. He will take 
direct personal charge of removal. 

b. In general, shipping containers are too large to immerse 
and handle like a leaking shell. Therefore, an attempt should 
be made to stop the leak by one or more of the following methods, 
or by other methods suggested by the nature of the leak. 

(1) Place the container so that the leak is at the highest rela- 
tive elevation. 

(2) Calk the leak after wiping with a cloth saturated with 
bleach solution. ; 

(3) Plaster a lump of moist clay over the leak and bind in 
place with strips of cloth. | | 

c. After the leak is stopped effectively enough so that the 
container is satisfactory for further storage, the container will 
be cleaned thoroughly by the method described in paragraph 261. 
d. If leakage has been checked but the container is unsatis- 

factory for further storage, it should be removed from the 
building, observing care to prevent reopening the leak. The con- 
tainer should be placed in the most suitable place, and that 
portion of the container adjacent to the leak should be kept 
wet with bleach solution pending final disposal of the container. 
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In the case of containers having dished ends, this may be done 
by flooding, or in other cases by covering with cloths saturated 
with fresh bleach solution. The “wick” .effect of a soft cotton 
cloth over the side of a bucket filled with bleach solution may 
serve to keep the cloth wet. 

e. The Chief of Ordnance will be notified of the facts in the 
case and instructions requested. 

f. Leaking containers will be disposed of, in general, by trans- 
ferring the contents to a serviceable container. The transfer 
of contents will be done only by specially trained depot person- 
nel after authorization from the Chief of Ordance, or when in 
the opinion of the commanding officer of the depot immediate 
action is required. A leak which cannot be stopped should be 
considered as requiring immediate transfer of the contents of 
the container. 

261. Removal of spilled mustard.—a. If mustard from a 
leaking shell or container has. contaminated the floor or other 
containers, it should be removed by washing thoroughly with 
freshly prepared bleach solution. If woodwork is stained, it 
should be removed and burned, as no simple treatment will 
remove mustard from wood. 

b. After washing metal containers, shell, or concrete floor, 
with bleach solution, dry bleach should be applied and allowed 
to remain for several days, after which it should be swept up 
and daily applications of alcoholic caustic made over a period 
of 2 weeks. If it is impracticable to use alcoholic caustic, 
freshly prepared bleach solution may be substituted. 

c, Alcoholic caustic should not be used without consideration 
of possible later danger from the contact of loose high explosives 
with caustic, which undoubtedly will remain in the floor. There 
is also a possibility of the alcohol being ignited, although this 
has never yet occurred. 

d. The doors and windows of the magazine should remain open 
until the odor of mustard has disappeared. Complete protee- 
tive equipment must be worn while conducting any of this work 
and at all times thereafter until the mustard and its odor have 
been removed completely from the magazine. 

é€. In the event that the above-described treatment does not 
remove all mustard from the floor, the treatment must be re- 
peated. If repetition does not suffice, the only course available 
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is to remove the contaminated portion of the floor and replace 
with new material. Protective clothing must be worn during 
such removal. Further details regarding the destruction of HS 
may be found in applicable field manuals. 

262. Fire in HS magazine.—a. If a fire involves, or threatens 
buildings in which mustard is stored, all persons within the 
danger zone will be notified by the commanding officer to vacate 
until all danger is passed. Members of the fire department, and 
all others fighting the fire, who may be exposed to mustard, will 
wear complete protective equipment. 

b. Since a fire involving chemical ammunition is most danger- 
ous to inhabitants of the vicinity, special precautions must be 
taken to prevent fires in areas where this ammunition is stored. 


Sxrorion XXVI 


SPECIAL SAFETY REGULATIONS FOR GROUP B CHEM- 
ICAL AMMUNITION (TOXICS, IRRITANTS, AND 
SMOKE) 
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263. Description of group B fillings.—a. Phosgene (CWS 
symbol, CG).—(1) Phosgene is normally a colorless liquid. It 
boils at 47° I’. and has an odor resembling ensilage, or fresh-cut 
hay. On inhalation, it causes pulmonary oedema or an accumvu- 
lation of water in the lungs as a result of the irritant action of 
the chemical. The first symptoms noted in a strong concentration 
are a choking sensation and a feeling of constriction of the chest. 
However, the danger lies in the fact that low concentrations that 
are not particularly irritating may, after an interval of hours, 
produce serious symptoms, and even death. Among these symp- 
toms are difficulty in breathing, rapid pulse, weakness, coughing 
with watery expectoration, and cyanosis (a blue color of the 
skin), caused by inability of lungs to oxygenate the blood. 

(2) The delayed auction of phosgene makes it imperative that 
masks be worn whenever the odor is present. Further, because 
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of its extremely rapid action in high concentrations, gas masks 
always will be readily available while working with shell or 
containers filled with phosgene. 

(3) In case this material is spilled it will, if left alone, quickly 
and completely evaporate. Evaporation can be hastened by 
sprinkling with water. Gas masks must be worn at all times 
while handling any spilled phosgene. Due to its low boiling 
point, phosgene in closed containers or shell maintains a high 
pressure which may be of the order of 150 pounds per square 
inch under certain conditions. 

(4) In case of leakage evaporation will rapidly reduce the 
temperature to the boiling point, permitting transfer as a liquid. 
When poured into a warm container, violent boiling will occur 
until the temperature of the container approaches the boiling 
point. 

b. Chlorpicrin (CWS symbol, PS).—(1) Chlorpicrin is a color- 
less liquid boiling at 234° F. It has a sweet odor like sticky fly 
paper and causes irritation of the eyes with lachrymation 
and some irritation of the nose and throat. Its action is that of 
a lachrymator and suffocant. In a strong concentration it is 
nauseating. The first effects are followed by pains in the chest, 
abdominal discomfort, and vomiting. The principal action, how- 
ever, is on the lungs, causing suffocation due to water that 
accumulates in the lungs (pulmonary oedema). Prolonged ex- 
posure to very low concentrations may cause serious symptoms. 
Pulmonary oedema does not develop until several hours after 
exposure to the gas. _ 

(2) The delayed effect of this agent necessitates the same 
availability of masks as prescribed for phosgene. A distinct 
odor and irritation of the eyes is noticed readily in any concen- 
tration which would be dangerous. _ 

(3) Chlorpicrin can be removed only with great difficulty, 
especially from woodwork. The most effective treatment is by 
means of scrubbing with a liberal application of alcoholic sodium 
sulphite solution. 

(4) Liquid chlorpicrin has a moderate corrosive action on any 
skin or membrane with which it comes in contact. Care should 
be observed to avoid contact. If this agent is spilled on the 
skin, the affected part should be washed repeatedly with soap and 
water, and treated as soon as possible with alcoholic sodium 
sulphite. 
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c. Ohlorpicrin and stannic chloride miature (CWS symbol, NC) 
is a liquid mixture of chlorpicrin and stannic chloride. Its odor , 
is that of chlorpicrin, and in addition it may be detected by the 
fumes or smoke produced when it is exposed to air. It should 
be treated the same as chlorpicrin. As this mixture is slightly 
corrosive to the skin, contact should be avoided. 

d. Stannic chloride (CWS symbol, KJ) is a colorless liquid of 

suffocating odor. It can be detected by smoke produced on con- 
tact with the air or moisture. It should be treated the same as 
chlorpicrin, inasmuch as its effect on the lungs is similar, although 
somewhat less marked. 
- €e. Brombenzylcyanide (CWS symbol, CA).—(1) This is a 
liquid, dark brown in color, which causes intense irritation of 
the eyes, followed by a prompt flow of tears. Lachrymation does 
not produce any permanent damage to the eyes, and this chemical 
has apparently no other effect on the system. Comfort of the 
worker will require wearing of the mask when in any concen- 
tration of this material. 

(2) This muterial is extremely difficult to remove from any 
surface which absorbs it. The liberal use of alcoholic caustic 
soda solution tends to reduce the nuisance caused by the presence 
of this lachrymatory material in a magazine. It should be noted 
that under many conditions the use of caustic soda in a magazine 
will be impossible because of the possible effect of the caustic 
on high explosives which might later be stored in this magazine, 
or on the bursting charge of chemical munitions. The magazine 
officer should direct the use of alcoholic caustic in a magazine 
only after considering this point. Physical contact with the 
liquid or highly concentrated vapors should be avoided. 

f. Diphenylchlorarsine (CWS symbol, DA).—(1) This sub- 
stance is a solid varying in color from white to black which melts 
at 111° F. The crude material may be liquid in some cases. Its 
properties and action are the same as those described under 
Adamsite (DM), in subparagraph g below. 

g. Adamsite (diphenylaminechlorarsine) (CWS symbol, 
DM).—DM is a greenish-yellow to black solid melting at 383° F. 
It causes irritation in the nose and throat even in minute con- 
centrations. Longer exposure causes tightness of the chest, 
sneezing, headache, coughing, intense nausea, and weakness. 
The symptoms increase in severity some time after exposure. 
The irritation produced by the smoke of this agent while burn- 
ing is So intense that an intolerable concentration is reached long 
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before it becomes dangerous to life. The effects may last for 
several hours, but no permanent injury is caused. If any of 
this material is spilled, it is essential not to sweep it, or handle 
it in any way to cause dust formation. The material should be 
wet thoroughly before sweeping up with a broom. 

h. Titanium tetrachloride (CWS symbol, FM).—(1) Titanium | 
tetrachloride is a heavy, colorless liquid with a pungent odor. 
It can be readily detected by the large quantity of smoke pro- 
duced when it leaks. It is used solely as a smoke-producing 
agent and has practically no toxic effects. Large quantities of 
the smoke produce a choking sensation and difficulty in breath- 
ing, requiring a gas mask for the comfort of the worker. It can 
be removed easily by the application of large quantities of water. 

(2) In extremely heavy concentrations, canisters of gas masks 
may become clogged to such an extent as to render breathing 
difficult. If this occurs the mask should be changed for one in 
serviceable condition. 

4. Ohloracetaphenone (CWS symbol, CN).—CN is a white to 
gray or black solid, melting at 138° F. It is a powerful lacri- 
mator and has a somewhat fruity odor. Usually it is put in 
candles with smokeless powder to cause it to burn, or filled in 
liquid form in which CN is dissolved in suitable solvents. In 
solution, the odor of the solvent is usually discernible in addition 
to that of the chloracetophenone itself. In any case it is a 
strong lacrimator but does not cause permanent damage to the 
eyes. Its lachrymatory effects require the use of masks for the 
comfort of workers. It can be removed best by scrubbing with 
soap and water, followed by liberal applications of alcoholic 
sulphite solution, or by the use of the sulphite solution alone. 
Actual contact with pure solid material, or high concentrations 
of the material in the air produces a burning sensation on the 
skin. Such contact should be avoided. 

j. Chlorine (CWS symbol, Cl).—(1) Chlorine is a greenish- 
yellow liquid or gas boiling at —30° F. It has a pungent odor. 
The first effects produced by inhalation of small proportions of 
chlorine is an active irritation of the upper respiratory passages, 
causing coughing and a sensatfon of suffocation which is ex- 
ceedingly disagreeable. The odor. of chlorine is very strong in 
any concentration that would cause irritation or symptoms of 
poisoning. When present in amount strong enough to cause 
irritation, masks should be worn and all personnel not so 
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equipped should leave the vicinity. In case of leaking chlorine, 
dangerous quantities should be removed by ventilation. 

(2) Like phosgene, only to a greater extent, chlorine generates 
pressure when sealed in containers. The pressure may be 200 
pounds per square inch under field conditions. 

k. Sulphur triowvide-chlorsulfonic acid mixture (CWS symbol, 
FS) is a heavy mixture which fumes strongly in air, and de- 
composes above 68° C. (154° F.). It has an acid odor. It is 
used solely as a smoke-producing agent, and there is no evidence 
that it is harmful to man in concentrations normally attained in 
the fleld. Inhalation of concentrated fumes causes coughing and 
strangulation ; a feeling of constriction around the chest, burning 
of the nose and throat, and hoarseness. When the mixture 
comes in contact with moisture, it forms hydrochloric acid and 
sulfonic acid, thus making it very corrosive to metals and to 
fabrics of various kinds. If applied directly to the skin, a 
burning sensation is felt at once and an acid burn follows. FS 
mixture on the skin, or clothing should be wiped off thoroughly 
with a dry cloth or waste, then flushed off with large amounts 
of water. FS mixture is noninflammable. 

l. Chloracetophenone-chloroform-chlorpicrin (CWS _ symbol, 
CNS) is a solution of chloracetophenone (CN), chlorpicrin (PS) 
and chloroform. Its odor is somewhat like that of sticky fly 
paper. In strong solution it may cause nausea in addition to 
severe lachrymation. An individual exposed to extremely high 
concentrations for a relatively short time may suffer serious 
effects such as pains in the chest, abdominal discomfort, vomit- 
ing, and an action upon the upper air passages and bronchial 
tubes somewhat similar to, but less than that of chlorine. Pro- 
Icnged exposure, even to a very low concentration, may cause 
these effects. CNS has only a slight action on metals. 

m. Ohloracetophenone-benzol-carbon tetrachloride (CWS sym- 
bol, CNB) is a solution of chloracetophenone (CN) in benzene 
and carbon tetrachloride. This solution should not be per- 
mitted to come in contact with the skin or eyes because of the 
considerable discomfort and possible injury that may result. It 
has no appreciable action on metals. 

264. Storage.—a. Ammunition and components with group B 
filling will not be stored in magazines with wooden floors. Pref- 
erably, they should be stored in magazines with concrete floors. 
The floor should be treated with sodium silicate to render it 
nonabsorbent. The use of rubberoid, or other floor covering is 
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prohibited. At all Ordnance depots and storage points, munitions 
of group B will be stored in fireproof magazines. 

b. Whenever a magazine containing group B chemical mu- 
nitions is opened a foreman or other responsible persons familiar 
with work in magazines containing this material must be present 
to determine whether munitions in the magazine are leaking. 
If it is. decided that munitions in the magazine are leaking, 
masks will be worn and the doors and windows opened after 
which the leaking shell or container should be located. 

c. Masks should be readily available to all men working in 
these magazines. Unboxed shell and containers may be handled 
without protective gloves unless contamination is noted. How- 
ever, in some cases, a small amount of filling may be left on the 
outside of a shell during the filling of group B munitions. Pro- 
tective gloves or mittens should be worn when handling con- 
taminated material. 

265. Special equipment.—The following protective equip- 
ment will be made available when men are working in maga- 
zines where this material is stored: 

a. Service gas masks. 

b. Protective gloves or mittens. 

c. Stretchers or litters. 

d. Woolen blankets. 

e. Hight ounces of a mixture consisting of 4 ounces pure grair 
aleohol (95 percent), and 4 ounces chloroform, United States 
Pharmacopoeia, to which is added a few drops of ammonia. 

f. One carboy of a saturated solution of sodium sulphite in. 
pure grain alcohol (95 percent). This carboy must be kept 
sealed to prevent evaporation. This solution is for use in treat- 
ing burns on the skin from liquid chlorpicrin and cloracetophenone 
as described in paragraph 2630(4) and 263i. 

g. One carboy of a saturated solution of sodium hydroxide 
(caustic soda) in pure grain alcohol (95 percent). This carboy 
must be kept sealed to prevent evaporation. This solution is for 
use in removing brombenzylcyanide, as described in paragraph 
263e(2). This solution will not be used on personnel under any 
circumstances. 

266. First aid.—a. Pulmonary irritants.—The first-aid treat- 
ment of pulmonary irritants, including phosgene, chlorpicrin, 
stannic chloride, and chlorine is the same. Absolute rest and 
warmth are essential. The patient should be removed imme- 
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diately to a pure atmosphere and made to lie down, kept at abso- 
lute rest, and kept warm with blankets. A person affected by 
pulmonary irritants always should be moved on a litter or 
stretcher. He must never be allowed to walk. A light stimu- 
lant or hot coffee may be given. A glass of milk or cream, if 
available, will give marked relief from pharyngeal irritation, 
and the patient should be hospitalized. In cases of splashes of 
liquid on the skin, wash it off at once with alcoholic sodium sul- 
phite, in order to prevent ulcerations. Skin scratches and abra- 
sions exposed to chlorpicrin fumes or liquid develop a high 
degree of inflammation and easily become infected. 

b. Lacrimators.—Lacrimation produced by brombenzylcyanide, 
chlorpicrin, and chloracetophenone produces no permanent dam- 
age. Removal of the patient to a pure atmosphere will be a suf- 
ficient treatment in most cases. In more aggravated cases, or 
those exposed to a strong concentration of the gas, washing the 
eyes with a saturated solution of boric acid will be beneficial. 
Do not rub the eyes or bandage them. Where there is a skin 
rash, wash with alcoholic sodium bicarbonate solution (made by 
dissolving 100 grams of sodium bicarbonate in 500 cubic centi- 
meters of water and then adding 500 cubic centimeters of ethyl 
alcohol.) This solution must be shaken before using because 
the addition of alcohol causes some of the bicarbonate to be 
precipitated. 

ce. Irritant smokes.—The irritant smokes, diphenylchlorarsine 
and Adamsite will not cause permanent injury. Remove the 
patient from the contaminated atmosphere and away from heat. 
Flush the nose with salt water or bicarbonate of soda solution. 
Remove all outer clothing and wash the surface of the body, 
including the scalp, with soap and water. Allow this solution 
to dry upon the skin and then dust the skin with borated talcum. 
Let the patient breathe weak chlorine atmosphere for 10 minutes 
from a handful of dry bleach powder in a wide-mouth bottle, 
or can. If patient is delirious, he must be watched or restrained 
to prevent self-injury. 

d. Smoke.—¥M or FS will not, as a rule, produce any effects 
requiring treatment. If a person has been subjected to a very 
strong concentration of smoke without the protection of a mask, 
he should retire to fresh air until recovered. 

267. Leaking ammunition.—a. When leaking ammunition 
or components are located, they must be disposed of at the 
direction of the officer in charge. 
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b. A gas mask and protective gloves will be worn whenever 
handling leaking ammunition filled with group B material. Care 
should be observed that the leaking material does not come in 
contact with skin or clothing. 

c. Pending final disposal, leaking ammunition will be uoved 
from the magazine. 

d. If the number of leaking shell or components is small, they 
should be destroyed as described below : 

(1) The preferred method is to sink the complete shell or 
component in deep ocean water. (See instructions regarding. 
consulting part authorized in par. 65p). 

(2) Asingle leaking HS shell may be exploded by static firing. 
The point at which the shell is exploded should be chosen so that. 
personnel can be excluded for a distance of about 500 yards for 
a period of about 48 hours. A small hole about 2 feet deep, with. 
vertical sides, should be dug. The shell is placed at the bottom 
of the pit in a horizontal position with TNT blocks placed on 
the outside of the shell, directly over the bursting charge. Elec- 
tric detonators will be used to explode the TNT after all per- 
sonnel have retired to a safe distance. The ground around the 
exploded shell should be thoroughly decontaminated by scatter- 
ing a mixture of bleach powder and sand over it. The hole 
should be filed with a mixture of dry bleach powder and earth. 
A sign should be placed upon the fill prohibiting digging in. 
that vicinity. 

e. If a large number of shells are involved, the magazine 
should be ventilated, placed under guard, and the Chief of 
Ordnance notified by telephone or telegraph. (See also sec. 
XXIV, par. 2530.) 

268. Leaking containers.—a. The officer in charge of the 
magazine will be notified whenever a shipping container is dis~ 
covered to be leaking. He will inspect personally the container 
involved to determine proper disposition. _ 

b. AS soon as possible after discovery of a leaking container, 
and pending arrangements for its removal, attempt should be 
made to place the container in a position to prevent the contents 
from spilling on the floor or on other containers. If possible, 
‘this should be done by the man discovering the leak. 

c. If the leak is stopped easily without allowing a large 
quantity of the filler to escape, the container may remain in the 
magazine. If the leak is not stopped promptly, the container 
must be transported down wind from the magazine area. 
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d. Containers in which the leaks have been stopped in such 
manner as, in the opinion of the magazine officer, renders them 
serviceable for continued storage, may remain in the magazine. 
Containers which cannot be repaired satisfactorily with the 
facilities at hand will have the contents transferred to service- 
able containers under the direct supervision of the magazine 
officer. | . 

e. The method of transferring contents will vary with exist- 
ing conditions and the nature of the material. The method 
adopted must be predicated on the properties of the material as 
described in paragraph 263 of this section. 

269. Removal of spilled material.—a. In case materials of 
group B have leaked from shell or containers and contaminated 
the floor or other containers, the treatment to be used will be 
as outlined in paragraph 263 of this section under the descrip- 
tion of the material involved. 

b. Gas masks and protective gloves must be worn while re- 
moving group B chemical fillings which have been spilled. 

270. Fire in magazines.—da. The same precautions will be 
observed for fires in areas containing group B chemical ammuni- 
tion as were outlined under paragraph 262 for fires in HS maga- 
zines except that the danger to personnel down wind from the 
fire is less in the case of group B ammunition than in the case 
of a fire involving HS. 

b. Any shell or container which has been exposed to fire 
should be considered dangerous and made the subject of special 
inspection to ascertain its condition. A report should be made 
to the Chief of Ordnance and instructions requested. 


SEcTION XXVII 


SPECIAL SAFETY REGULATIONS FOR GROUP Cc 
CHEMICAL AMMUNITION (SPONTANEOUSLY IN- 
FLAMMABLE) 
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271. Description of white phosphorus.—White phosphorus 
(CWS symbol, WP) is a yellowish, translucent, wax-like sub- 


ORDNANCE SAFETY MANUAL 185 


stance, melting at 111° F. Its most characteristic property is 
that of spontaneously igniting upon exposure to air, burning 
with an intensely hot flame, and giving off large volumes of 
white smoke. The fumes are not toxic except on exposure for a 
period of several months. Phosphorus is intensely poisonous 
when taken internally. Precautions should be taken to insure 
that none is introduced into the body. 

272. Storage.—a. Chemical ammunition containing group C 
fillings must be stored in fireproof magazines with concrete 
floors. The preferred storage is in igloo magazines. It will be 
stored in accordance with current Ordnance drawings, where 
applicable, except for those lots for which special instructions 
are issued by the Chief of Ordnance. In any case, ammunition 
containing white phosphorus will be stored in such a manner as 
to permit easy inspection. 

bo. The white phosphorus filling in ammunition or components 
becomes liquid at 111° F. At or above this temperature, defec- 
tive ammunition may leak, and may catch fire, and in some 
cases (where a burster was in place) has been known to ex- 
plode. Below 111° F., the filling is solid, and shell will not 
leak. It is highly important, especially where this ammunition 
is stored on its side, that the temperature at which it is stored 
be kept below 111° F. 

273. Special equipment.—There will be maintained at all 
times adjacent to each magazine in which group C chemical 
munitions are stored the following special equipment: 

a. Heavy rubber gloves (gauntlet type), rubber boots, and 
ankle-length rubber aprons sufficient in number to equip all 
personnel required to work in the magazine. 

b. A number of tubs, barrels, or tanks large enough to contain 
the storage unit. During the summer months when fires are 
most likely in this type of ammunition, these tanks must be 
kept filled with water. Also, during the summer months, there 
should be stretched a line of hose of sufficient length to reach 
any part of the magazine. 

c. Two sponges and a pail or other vessel holding approxi- 
mately 5 gallons. 

d. A bathtub or similar container for first aid, and a means 
of heating water for use therein, will be maintained in some 

heated building as close as possible to the magazines of this 
group. Also a small number of gauze sponges will be maintained. 
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e. One bottle containing at least 1 gallon of 3 percent copper 
sulphate solution. 

274, Leaking ammunition.—a. With leaking shell of this 
group the great risk is that of fire. This can be combated suc- 
cessfully only by prompt action. In general, the time elapsing 
from the time the fire is reported until the arrival of the fire 
department is sufficient to allow the fire to get beyond control. 

b. A leaking shell or container of any type should be immersed 
‘immediately in one of the tubs provided in the magazine. The 
person discovering the leaking shell should put on rubber gloves 
and attempt to immerse it at once. In the event that this action 
is impracticable, the hose should be used with hydrant pressure. 
This is important, as a low-pressure stream of water will tend 
to smother the fire, whereas high pressure tends to scatter the 
fire over a large area, and thus greatly increases the difficulty of 
extinguishing it. 

c. Rubber gloves will give protection against burns only, as 
they prevent contact of the phosphorus with the skin. Gloves 
are not effective when exposed to high temperatures, such as 
burning phosphorus. When burning phosphorus adheres to 
gloves, it can be extinguished by dipping the gloved hand in 
water. 

d. When a single leaking shell has been discovered and im- 
mersed in water, it should be destroyed, as described in paragraph 
e below, at a place where fragmentation will not be a hazard, 
smoke will not create a nuisance, and there is no dry vegetation 
which may be ignited. 

e. The shell to be exploded should be treated as follows: 

(1) When the shell does not contain a fuze or burster, re- 
move to a point where fire risk is negligible and destroy the 
shell by static firing. All personnel must retire to a safe 
distance before the shell is exploded. 

(2) Where the shell is not in a container, and is fitted with 
fuze or burster, it will be extinguished, if on fire, before it is 
handled or moved. This condition is extremely hazardous, and 
the handling of the shell should be carried out under an officer 
or foreman, or other employee familiar with chemical am- 
munition. After the flame has been extinguished the instruc- 
tions given in (1) above will be followed. 
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(3) Where the ammunition is packed in a container, and is 
fitted with either fuze or burster, the fire will be fought with 
water from outside the magazine. Defective shell will be re- 
moved if and when the fire is extinguished. If the leaking 
shell is removed, subsequent action will be in accord with para- 
graph (1) above. 

f. The charge of demolition blocks to be used for destruction 
of leaking group C ammunition will be as follows: 








Number Number 
emo- of demo- 
Chemical ammunition lition Chemical ammunition lition 

blocks blocks 
75-mm. artillery shell. .......- 4 || 8-inch livens projector shell_-_.. 3 
155-mm. artillery shell_--...__- 5 || 5-pound aviation bomb.......- 1 
8-inch artillery shell.....__.... 6 || 25-pound aviation bomb. .....- 2 
81-mm. mortar shell_...__...-- 2 || 50-pound aviation bomb..-...,- 2 
4-inch chemical mortar shell__. 2 |} 100-pound aviation bomb....-.- 3 
4.2-inch chemical mortar shell- 3 


2775. Removal of spilled phosphorus.—dad. Where phosphorus 
has leaked on the floor or other parts of a magazine and has 
been extinguished, a fire guard must be stationed within the 
building until it has been completely removed, as the drying 
up of the water will permit the phosphorus to ignite again. 

b. Small amounts of phosphorus can be removed best by first 
scraping off as much as possible with an implement such as a 
putty knife and then removing the rest by burning with a blow 
torch or similar appliance. This removal of phosphorus must 
not be attempted until all loaded ammunition in the vicinity has 
been removed. 

c. After treatment, as above described, the magazine will be 
kept under surveillance for at least 2 weeks, as fire may break 
out again. Portions of the floor containing deep cracks or 
crevices will be grouted with mortar before munitions are re- 
stored in the magazine. 

276. Fire in magazines.—In the event of a fire in a maga- 
zine containing ammunition fitted with fuze or booster, and 
packed in containers, if the fire cannot be controlled, the maga- 
zine will be abandoned, and fire-fighting efforts confined to 
saving adjacent magazine. In cases of fires involving other 
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group C chemical ammunition, if the fire gets beyond the con- 
trol of the person discovering it, the following precautions not 
generally necessary during ordinary fires, must be observed 
in order to attack the flames successfully. 

a. Phosphorus once extinguished must either be immersed un- 
der water or continually sprayed to prevent the flames breaking 
out anew. 

b. Due to the great amount of smoke liberated, there is an 
extra hazard of men becoming lost in the magazine while at- 
tempting to fight the flames. Men with portable extinguishers 
should not be permitted in the magazine after a fire gains head- 
way unless they are equipped with lifelines, as they would have 
no hose line to follow back in order to escape from the magazine. 

c. Components becoming highly heated in a fire will explode 
with moderate violence, throwing burning containers for some 
distance. This tends to spread the fire rapidly. 

d. AS a high velocity stream of water tends to spread the 
fire, the lowest pressure stream consistent with possibility of 
approach should be used. 

e. After a fire has been extinguished in a magazine, all ad- 
jacent shell and components will be considered dangerous and 
a report of the fire will be made immediately to the Chief of 
Ordnance. 

f. The opening of fiber containers to inspect ammunition con- 
taining white phosphorus will be done outside the building, 100 
feet from any building containing explosives or ammunition. 

277. Guards at magazines.—There will be maintained at 
ell times a periodic inspection by flre guards, of magazines con- © 
taining group C munitions. Guards walking post near these 
magazines will be especially instructed to report immediately 
any smoke seen issuing from a magazine. 

278. First aid.—a. The most likely injuries from phosphorus 
in storage are burns. Burns from phosphorus are especially 
severe because the phosphorus keeps on burning even when 
buried in the fiesh. 

b. The part affected by a phosphorus burn should be plunged 
under water as soon as possible. This will stop the phosphorus 
from burning. Then apply large amounts of copper sulphate 
(3 percent) solution. Continue this treatment for 3 minutes. 
Remove the phosphorus particles (copper-plated) by washing, 
or with forceps and treat the injury like an ordinary burn. 
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SECTION XXVIII 


SPECIAL SAFETY REGULATIONS FOR GROUP D CHEM- 
ICAL AMMUNITION (INCENDIARY AND READILY 
INFLAMMABLE) 


Paragraph 
Description of group D fillings....-..-_.._.-~-._---_--.~.--- 279 
Storage —_.__ gt a St a ata ee ea 280 
Special equipment--....---.--...--_. ~~~. ~~ --- 281 
Leaking ammunition___.._.-..-~...-.---._~..--_-.--..-.~ 282 
Removal of spilled material__......_.-....-._...----. 283 
Fire in magazines. ne eh eee cee eiee 284 
PSE 2010 ne oe aes ea Seek 285 


279. Description of group D fillings.—a. Thermit (CWS 
symbol, TH) is a mixture of iron oxide and aluminum. It is in 
the form of a dark-gray granular mass. When ignited it burns 
with great rapidity and the evolution of extreme heat, the iron 
oxide being reduced to boiling molten iron. 

b. Hexachlorethane mixture (CWS symbol, HC) consists 
largely of hexachlorethane and zine. It is a gray solid with a 
camphorlike odor. It burns rather slowly with the evolution 
of a dense cloud of smoke. The smoke produced is harmless and 
can be breathed without discomfort. | 

c. Incendiary bombs.—Incendiary bombs comprise a combusti- 
ble body af magnesium metal, inside of which is an igniter com- 
position such as thermit. When ignited, the body of the bomb 
burns with intense heat. 

d. Chloracetophenone burning migture (CWS symbol, CN) is 
a mixture of CN and small grain smokeless powder. It is em- 
ployed in hand and rifle grenades. It is most effective when dis- 
tilled into the air by the heat of a burning composition. 

e. Diphenylaminechlorarsine burning mixture (CWS symbol, 
DM) is a mixture of DM and smokeless powder. Like CN, 
diphenylaminechlorarsine is most effective when disseminated as 
a smoke. 

f. Burning mixture CN-DM (CWS symbol, CN-DM) is a mix- 
ture of chloracetophenone and diphenylaminechlorarsine with 
smokeless powder. 

280. Storage.—a. Chemical munitions containing fillings of 
group D may be stored in any dry, flreproof magazine. 

b. Inspection and guard of ammunition of this type will be 
the same as that maintained for high-explosive shell. 
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281. Special equipment.—Unboxed ammunition containing 
group D material may be handled without special protective 
equipment. Some suitable equipment for fighting oil fires will 
be maintained at all times adjacent to magazines in which mate- 
rial of this class is stored. 

282. Leaking ammunition.—a. In the event that containers 
or shell containing group D materials are discovered in a leak- 
ing condition they should be segregated. Instructions as to the 
disposition of such shell will be requested from the Chief of 
Ordnance. 

b. Leaking munitions of this group will be destroyed if neces- 
sary by burning in the same manner as intended for service use, 
but in the case of bombs, statically, in an area where fire risk 
is negligible. 

283. Removal of spilled material.—In the event that com- 
ponents are broken open or leaking, the material should be 
swept up, removed from the building, and burned. | 

284. Fire in magazines.—a. The efforts of fire fighters 
should be confined to preventing the spread of the fire. Fire in 
a magazine containing hexachlorethane mixtures or magnesium 
should not be fought with water. 

b. Unburned material in a magazine which has been par- 
tially destroyed by fire should be treated with the greatest cau- 
tion, as HC mixture may absorb sufficient moisture to cause 
ignition with subsequent recurrence of the fire. 

285. First aid.—No unusual first-aid treatment is required 


for accidents occurring in handling this type of material. Burns’ 


will be treated in the same manner as any other burn. 
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Aberdeen Proving Ground tests: 
fixed ammunition, 116d 
fuzes, 140 
separate loading shell, 1216 
Above-ground magazines, 3g, 24e 
(2) (d) 
Acetone, 176 
Acetylene, 177 
ACIDS: ; 
action on metal, 178h 
buildings, 170 
carbolic (phenol), 223 
corrosive effect, 178g 
dykes for spent, 171a 
general, handling and storage, 
178 
hydrochloric (muriatic), 179 
hydrofluoric, 180 
mixed, 181 
muriatic, 179 
nitric, 1838 
picric, 226 
protective equipment, 7a (38) 
spent, 171a, 182 m 
storage, 171, 178 
sulphuric, 178g, 184 
waste, 182 
Adamsite (diphenolaminechlorar- 
sine), 246, 263g 
first aid, 266a 
Adapter-booster (see Boosters) 
Administration buildings, group- 
ing, 24e (2) 
Advisory provisions, 2c 
Agitations, 169p 
Agitators, mechanical, 169p 
Air conditioning, 169d 
Aircraft bombs (see Bombs), 126- 
182 
Airplane flares, 147 
Airspace reservations, 17 
Air terminals, 300 
Air-testing containers, 100, 114 
Aisles and exits, 7a (1), 28a (4) 
Aisle spaces, 31b (4), 30d 


Alarms, fire, 16h, 22b (1) 
Alcohol ; 
ethyl, 185 
methyl, 186, 2610, 263e (2) 
Alteration of existing establish- 
ments, 506 
Alternate supply of power, 7a (33) 
Aluminum, powdered, 187 
Amatol, 188 
American Railway Association, 51b 
Ammonia (anhydrous), 189 
Ammonium acetate, solution for 
lead azide, 210b 
AMMONIUM NITRATE, 78, 191, 
ceric, 2106 
container, 78c 
distances, 88c (12), 78b 
hazards of, 78a, 191a 
manufacture, 191c 
neutral liquor, 191c 
properties, 78a, 191a 
storage, 78b, 191d 
uses, 78a 
Ammonium perchlorate, 190 
Ammonium picrate (see Zaplosive 
D) 
AMMUNITION: 
blank, 72, 150 
chemical (see Chemical ammuni- 
tion) 
classes of, 38 
definition, 8¢ 
fixed (see Fired and semifived 
ammunition) 
inspector, 59e 
loading plants, layouts,.42a 
magazines, 26 a (6) 
miscellaneous, 149-155 
semifixed (see Fived and semi- 
fixed ammunition) 
separate loading (see Separate 
loading ammunition) 
small-arms (see Small-arms am- 
munition) 
storage chart, Appendix II 


193 


194 


Amyl acetate, 198 
Antipanic catches, 7a (1) 
Antitank mine, 38c (10), 154 
fuzes, 880 (3) 
Appliances: 
safety, Ta (26) 
protective (see Protective ap- 
pliances), 166-1867 
Arch type magazines, 26a (1) 
Arming guards, 16f 
Army black powder, 
Black powder) , 876 
Arresters, spark, 20a (14) 
Artillery shell, destruction of, 66e¢ 
A. S. A., 174 
A. 8S. M. E. Codes, 173 
Authorized entry and exit, 7a (2), 


(see also 


8a (6) 

Automobiles, parking, 20a (19), 
165p 

Automotive vehicles, exhaust of, 
20a (18) 


Auxiliary buildings : 
definition, 3k 
location of, 40d 


Banana oil, 193 
Barium chlorate, 194 
nitrate, 195 
perchlorate, 196 
peroxide, 197 
Barracks, grouping, 24e (2) (@) 
Barrels, water, 21a (1) 
Barricaded distances, 40b, 436 
BARRICADES : 
definition and description, 45a, 
43d 
flash, 43e 
purpose, 438d 
used to reduce safety distances, 
40b, 43d 
Bathtub, 273d 
B-chlorvinyldichlorarsine 
Lewistte) 
Beating, boiling process, nitrocot- 
ton, 218f (3) 
Belt shafting, 166” 
BELTS : 
conductive, 19a (7) 
overhead, 166¢g 
rubber, 19a (7) 


(see 
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Benzene, 198 
Bicarbonate of soda, 178 (3) 
Bis-beta-chlorethylsulfide 
Mustard) - 
BLACK POWDER, Army, 670 
characteristics, 6 
charges, 72 
containers, 700, 71a, 72e (7) 
destruction of, 66a, 66d (2) 
dust, 74h 
fires, 73 
general, 67 
grades, 68a, 68b 
hazards of, 74f, 199 
identifying data, 69c 
igniters, 66d (2) 
ingredients, 67b 
inspection of containers, 70b 
loose, 74f 
lots, 67¢c 
maintenance, 71 
marking, 69 
opening containers of, 74b, 74c 
packing, 69 
safety precautions. 74 
saluting charges, 72 
shipping, 70 
sodium nitrate, 68d 
spilled, removal of, 74g 
storage, 70 
time fuze powder, 68c 
uses, 67d 
BLANK AMMUNITION, for artil- 
lery, 150 
cannon and saluting charges, 72 
loading, 1500 
marking, 1500 
precautions in assembling, 72¢ 
Blankets, 120 
Blasting caps, 152c; machine, 65d 
Blocks, demolition : 
general, 1520 
in destruction of artillery shell, 
66e (2), (3) 
chemical ammunition, 274/ 
Bombproofs, 220 (4), 115a 
BOMBS, aircraft, 126-132 
boosters, packing, 134 
components, 126¢@ (1) 
computing explosives content, 
' 38a 


(see 
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BOMBS—Continued. 
demolition (see Demolition 
bombs) 
description, 126 
destruction of, 66/ 
dunnage for, 1290 
exudate, 130 
fires, 129b, 1290, 132 
fragmentation, 126a (2) 
fuse-holes, 128 
fuzes, 38c (6), 1290, 1844 
handling, 128 
identification by lot number, 
1260 
lots, 126b 
maintenance, 1380 
marking, 127 
packing, 127, 129 
photofiash, 153 
practice, 1264 (1) 
renovation, 131 
salvage, 131 
shipping, 128; 
storage, general, 24e (2) (d) 
(1)b, 129 
types, 1264 
BOOSTERS, bombs, packing, 134 
destruction of, 664 
explosive hazard, 140c 
fires, 140 
handling, 135 
maintenance, 137 
marking, 184 
packing, 134 
painting, 1850 
quantity-distance table, 38c (6) 
removing from shell, 68a (5), 
123 
renovation, 188 
replacing in shell, 123 
safety precautions, 141 
salvage, 138 
shipping, 135 
storage, 186 
Boxes for small-arms ammunition, 
103a 
Bracing and staying shipments, 58 
Brombensylcyanide, 246, 268e¢ 
Buckets, 21a (1) 
BUILDINGS, 
acid, 170 
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BUILDINGS—Continued. 
administration, 24d (2) 
auxiliary, 3k, 40d 
frame, structural damage to, 

- 87d (1) b, 24e (6) 

Grouping of, 24e (2) 

inflammables and acids, 170 

loading, 169 

manufacturing and loading, 168— 
174 

nitration, 218f (2) 

shipping and receiving, 25 

stone or brick, damage to, 37d 
(1) 

Bulk H. E. (see High Eaplostves) 

Bulk initiating explosives, 880 (9) 

Bulk low explosives, 38c (9) 

Bulk priming explosives, 38c (9) 

Bullseye Powder No. 2, 87c (1) 

Bureau of Explosives, 51 

Bureau of Marine Inspection and 

Navigation, 54 
Burning grounds, 65a 
Burning mixtures of CN and DM, 
246, 279d, 279e, 2797 
Burning vegetation, 20a (10) 
Burns, group D chemical ammuni- 
tion, 285 
Bursting charges : 
removing from separate loading 
shell, 123 
replacing in separate loading 
shell, 128 
Buttons on uniforms, lla 


Calcium carbide, 200 
Cannon powder, uses, lots, 86 
Capacity plate, hoists, 169m (1) 
Caps: 
blasting, 1520 
electric, 65f 
percussion, 151 
storage, 152 
Caps on black powder containers, 
716 
Carbolic acid, 223 
Carbonaceous materials: 
in acid buildings, 170 
with black powder, 199d 
potassium nitrate, 228b 
Carbon tetrachloride, 201 
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Curboys, acid, storage, 178a, 178d 
mechanical injury to, 179¢ 
Care and maintenance of maga- 
zines, 31 
magazine areas, 33 
Carelessness, 19a (4) 
Carrying of keys, coins, etc., lic 
Cars of ammunition, Hmits, 25¢ 
Cars (see Railroad care) 
Catches, antipanic, 7a (1) 
Causes of fires, 19 
CAUSTIC SODA, alcoholic solution 
of: 
general, 202 
hagards and uses, with lewisite, 
2556 
mustard, 261b, 261c 
lacrimators, 268e (2) 
Ceric ammonium nitrate, 210b 
Chains, overhead, 166g 
Change rooms, 7a (40) 18d 
Character of personnel, 7a (29) .- 
Charcoal, 2038 
Chart, loading and storage, I. C. C., 
25 
storage, Appendix II 
CHEMICAL AMMUNITION : 
adamsite, 246, 263g 
brombenzylcyanide, 246, 263e | 
chloracetophenone, 246, 263, 
2631, 268m, 279d 
chlorine, 246, 2638/ 
chlorpicrin, 246, 263b 
chlorpicrin-stannic chloride, 246, 


2630 
CN-benzol-carbon tetrachloride, 
246, 268m 
CN-chloroform-chlorpicrin, 246, 
2631 


damaged, 248b 

definition, 3f, 245 

destruction of, general, 258, 
lewisite, 2550, group A, 259 ; 
group B, 267d; group C, 
274d, e, f; group D, 282b 

diphenylaminechlorarsine, 263g, 
279e 

diphenylchlorarsine, 246, 263f 

disposition (see Destruction) 

fire, 262, 270, 276, 284 

first aid, 258, 266, 278, 285 


CHEMICAL AMMUNITION—Con. 


group A, 255-262 ; group B, 262— 
270; group C, 271-278; 
group D, 279-285 ‘ 

guards at magazines, 277, 280b 

hexachlorethane, 246, 279d 

incendiary, 279-285 

injuries in connection with, 249 

inspection, 247, 277, 380b 

irritants, first aid, 266 

lacrimators, 246, 263i, 263i, 
263m, 2660 

leaking ammunition, 248, 259, 
267, 274, 282 

leaking containers, 260, 268, 274 

lewisite, 246, 255—262 

magazines, 252, 256, 264, 272, 

280 

marking, 246, 254 

mustard, 246, 255-262 

packing, 264 

persistent vesicants, 255-262 

phosgene, 246, 268a 

phosphorus, white, 2240, 246, 
271, 274d 

piling, 247e 

protection of personnel, 261, 
257a, 2596, 262, 264, 265, 
278, 281 

protective equipment, 250, 251, 
257, 265, 2738, 281 

pulmonary irritants, first aid, 

266a 

removal of spilled material, 261, 

263a (3), 268b (3), 263g, 
268h, 269, 275, 288 

shell exposed to fire, 2706 

shipping, 254 

smoke irritant, 266d 

special equipment, 250, 257, 265, 

273, 281 

stannic chloride, 246, 268d 

storage, general rules for, 247 

stowing, loading and bracing, 

254 
sulfur trioxide-chlorsulfonic 
acid mixture, 246, 263% 

titanium tetrachloride, 246, 

263h, 266d 

toxic irritants and smoke, 246, 

263—270 
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Chief of Ordnance, responsibili- | 


ties of, 6a 
Chloracetophenone, 246, 263% 
Chloracetophenone-benzol-c a rbon 
tetrachloride, 246, 263m 
Chloracetophenone-burning mix- 
ture, 279d 
Chloracetophenone-ch loro for m- 
echlorpicrin, 246, 2687 
Chlorates : 
barium, 194 
sodium, 231 
potassium, 227 
strontium, 234 
Chlorine, 246, 263/ 
Chlorpicrin, 246, 263d 
Chlorpicrin-stannic chloride, 246, 
263c 
Chutes, safety, 169g (2), 169h 
Circular saws, 167d 
Classes and quantity-distance ta- 
bles for military explosives and 
ammunition, 88 
Classification yards, railroad, 420 
CLOTHING : 
contaminated, Ta (42) 
design of, 110 
laundering of, 7a (18) 
special, 11, 164s 
street, lla 
CN-benzol-carbon_ tetrachloride, 
246, 263m 
CN-chloroform-chlorpicrin, 246, 
2632 ; 
CN-DM burning mixture, 279f 
Coins, carrying of, 7a (18) 
Collector, static electricity, 19a 
(7) 
Combustible material in magazines, 
124a 
Commanding officer: 
responsibilities, 6b, 115d 
absence of, 20a (1) 
safety rules prescribed by, 161b 
Complaints, 8a (16) 
COMPONENTS, LOADED (see also 
Components, metal, loaded 
and unloaded) 
bomb, 1264 
containers for, 134, 137 
descriptions of, 139 


COMPONENTS, LOADED—Con. 
fires, 140 
general, 133¢ 
handling, 185 
identification, 133b 
loose, 810 (5) 
lots, 183b 3 
magazines for, 159b_ 
maintenance, 137 
marking, 134 
mixed storage, 136a 
open boxes of, 1364 
packing, 134 
painting, 135 
piling, 159c¢ ‘ 
renovation, 138 
safety precautions, 141 
salvage, 138 
segregation, 164m, Appendix II 
shipping, 135 
storage, 136 
COMPONENTS, METAL, LOAD- 
ED AND UNLOADED: 
general, 156a 
handling, 158 
identification, 157c 
inspection of buildings contain- 
ing, 159 
lots, 156d 
maintenance, 160 
marking, 157 
packing, 157 
piling and stacking, 159¢ 
reconditioning, 160 
renovation, 160 
shipping, 158 
storage, 159 
Composition soles, 11d 
Computing explosives content of 
ammunition, 38a 
Concrete magazine, 26a (1) 
Concussion effects, hazard, 87d 
Condemned equipment, 1641 
Conductors, lightning, 30d 
CONTAINERS : 
air-testing, 100a 114 
ammonium nitrate, 78c 
black powder, 71a 
empty, 72c (7) 
components, 134, 137 
covers, metal container, 106d 
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CONTAINERS—Continued. 
damaged, 34a (3), 700, 82, 92c, 
100e, 270b 
destruction of, 72c (7) 
double-base powders, standard, 
90a (2) 
fiber, 100c, 111b 
fixed and semifixed ammunition, 
112 
H. E., bulk, 80, 82a, 82b 
I. Cc. C. regulations, 47d 
inspection of black powder, 70b 
leaking chemical, 260, 268, 274, 
282 
light mortar ammunition, 111, 
, 1186 
loaded components, 134 
metal components, 157a@ 
one-tone chemical, 247g 
opening of, repairing, 34a (2), 
57c, 74b, 187 
propelling charges, 97, 98, 100 
pyrotechnics, 145 
repainting, 48d, 610, 71a, 100d 
repairing, 92, 100, 114, 137 
resoldering, 137 
separate loading propelling 
charges, 97, 98, 100 
single-base powders, standard, 
90a (1) 
small-arms ammunition, 103; 
powders, 90a (3) 
smokeless powder, 90 
standard, double-base powder, 
90a (2); propelling charges, 
97 
testing, 100, 114 
Contract establishments, renova- 
tion and salvage operations at, 
1150 
Cosmoline, 2567 
Cotton: 
gun, 2184 
pickers, 1690 (1) 
Cranes, 7a (21) 
capacity plate, 169m (1) 
inspection, 169m (2) 
locomotive, 169m (8) 
Crates : 
bomb, 127 © 
metal, 127 


CRATES—Continued. 
wood, 99 
Crating, at shipping and receiving 
buildings, 24f, 25d 
Crossings, railroad, 7a (85) 
Cut-out, gas vehicles, 19@ (11) 
Cyclonite, 204 


Damage, structural, 37d (1), (2) 
Danger flags and placards, 57n 
Data used in manual, 4 
Dead end roads, 7a (37) 
Defective chemical ammunition, 
253 
Defects, physical, 7a (29) 
Definitions, 3, 86 
Dehydrating nitrocellulose, 2187 
(4) 
Deluge systems, 1690, 172, 192d 
(2) 
Demolition blocks, material, 66¢e, 
152b, 274f 
DEMOLITION BOMBS : 
description, 126a (3) 
hazards, 129b 
packing, 12%a (2) 
shipping and handling, 127a (3) 
storage, 129 
Depot storage areas, new, 42c 
Description sheets, smokeless pow- 
der lots, 860 
DESTRUCTION OF AMMUNITION 
AND EXPLOSIVES, general, 
64 
approval for, 64b 
artillery shell, 66e 
black powder, 66a, 66d (2) 
bombs, 66f 
boosters, 66i 
bulk H. E., 66d 
burying method, 64e 
chemical, 253, 2550, 259, 267, 
274d 
chute for small-arms, 66h 
containers, 72c (7) 
demolition blocks, table show- 
ing number necessary, 66¢, 
274f 
demolition method, 65e 
detonators, 66: 
duds, 64c 
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DESTRUCTION OF AMMUNITION | Diphenylchlorarsine, 246, 263/, 2660 


AND BXPLOSIVES—Con. 
Gumping at sea, 65p 
fuses, 664 
grenades, 66k 
H. E., 66d 
igniters, 66d (2) 
leaking shell, 267d 
lewisite, 255b 
light mortar shell, 66g 
loaded components, 66é 
misfires during, 65m 
mustard, 259 
phosphorus, 274d, e — 
photoflash bombs, 153 
powder bags, 66d (2) 
preparing ground for, 65a 
primers, 66/ 
propelling charges, 66d 
pyrotechnics, 661 
safety regulations, 65 
shell, 66¢e 
small-arms ‘ammunition, 
smokeless powder, 66c 
Detection of mustard gas, 256) 
Deteriorated explosives and am- 

munition, 19@ (2) 
Detonation: 

sympathetic, 37b 

tests in piles of shell, 121b, 121c 
DETONATORS : 

descriptions of, 139 

destruction of, 66: 

fires, 140 

handling, 135 

maintenance, 187 

marking, 134 

packing, 134 

painting, 135d 

precautions, 141 

renovation, 138 

safety precautions, 141 

salvage, 188 

shipping, 135 

storage, 136 
Diazodinitrophenol, 205 
Diphenylamine, 208 
Diphenylaminechlorarsine, burning 

mixture, 279¢e 
Diphenylaminechlorarsine 

site), 2689 


66h 


(adam- 


Dispensers, 13e 

Disposition of defective chemical 
ammunition (see Destruction, 
etc.) 


DISTANCES (see also Quantity- 
distance) : 
barricaded, 40b, 436 (1) between 
clasBification yards and build- 
ings, 42¢c 
between blocks of magazines, 42d 
between magazines, 41, 43d 
between piles of shell, 121 
between manufacturing and load- 
ing buildings, 169a 
between production lines, 169a 
intraplant, 40 
missile, 37c 
public highway, 37d (8) 
special area, 42 
Distribution of ammunition in 
magazines, 118c, 136a 


DIVIDING WALLS, 25d, 44 
DM mixture, 246, 279e 
DNT, 38¢ (12) 
DOORS, closing car, building, 7a 
(46) - 
locking, Ta (20) 
magazines, 24e (9), 
24e (9) 
manufacturing and loading 
Plants, 1699 
safety, 1699 
Dopes, 222 
Double-base powders, 87e 
standard containers for, 90a (2) 
Draft stops, 172c 
Drainage, 24e (4) 
Drills, fire, 7a (7), 20a (4) 
Drinking fountains, 7a (40), 13d 
Drivers of motor trucks, 57m 
Drowning and deluge systems, 
1690 
tanks, for materials in acid 
state, 164/ 


Dry house, nitrocellulose, 218f (4) 

Drying nitrocellulose, 218f (4) 

Drypipe sprinkler system, 1720 (2) 

Duds, destruction of, 64c 
Dumping at sea, 65p 


34a (5), 
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DUNNAGB : 
for bombs, 129c 
combustible, 121¢ (2) 
metal, separate loading projec- 
tiles, 121d 
CUST: 
’ black powder, 74h 
of hazardous ee 164e, 
164m 
smokeless powder, 950 
Duties, of : 
foreman, 7a (32), 8, 12e, 162d 
guards, 20a (2) 
resident safety engineer, 163 
safety board, 162c 
Dykes for acid storage, 171c 
Dynamite, storage, 152d 


BP. C. powder, 87d (1) 
Bjecting persons from buildings, 
8a (6) 
Blectrical equipment : 
change in, 7@ (5) 
repairs to, 7a (5) 
Electrical storms, 7a (4) 
Electric blasting caps, 152c 
Electricians, 20a (5) 
Electricity, static, 7a (43), 19a (7) 
Electric lighters, 7a (25), 7a (42) 
ELECTRIC POWER AND LIGHT, 
169e 
alternate supply, 7a (33) 
Elevators, passenger, 169” 
Emergency, in absence of com- 
manding officer, 20a (1) 
Emery wheels, guarding, 166m 
EMPLOYEES : 
instruction and _ training of. 
8a (4) 
new, 7a (27) 
trained, duties of, 6e 
Enamels, 222 
Enforcement of safety regulations, 
6c, 6e 
Entrances, 16g 
Entry and exit, 7a (2), 8a (8) 
EQUIPMENT : 
condemned, 164! 
protective (see Protective equip- 


ment) 
safety (see Protectwe equip- 


ment) 


. Experiments in operating 
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Ether, 209 
Examination of applicants, Ta 
(29) 
Exemptions from new regulations, 
5b 
Exhaust of automotive vehicles, 
20a (18) 
Exits, 7a (1) 
two-way, railroad, 7a (34) 
build- 
ings, 1649 
EXPLOSION HAZARDS : 
demolition bombs, 129d 
smokeless powder, 94 
Explosive blocks, 66e, 152b, 274/ 
EXPLOSIVE D (ammonium pic- 
rate) : r 
fires, 1926 (2) 
hazards, 1920 
properties, 77a, 192 
special precautions, 77c 
storage, 192a 
uses, 77) 
EXPLOSIVES: 
classes of, 38c 
definition, 3d 
deteriorated, 19a (2) 
guarding, 7a (14), 15, 165¢ 
handling, 7a (6), 175-244 
hazards and quantity-distance, 
37 
high (see High ewplosives) 
inspection, 58, 59 
magazines, 26a (3) 
manufacturing and loading 
plants, 42¢ 
maximum amount permitted in 
magazine, 36g 
EXPLOSIVES AREA: 
care and maintenance, 33 
definition, 3h 
guarding, 7a (14) 
Extension ladders, 1692 (2) (4) 
Extension lights, 7a (19) 


Extinguishers, fire, 20a (8), 164r, 


165b 
ge of regulations, 74 (45) 
EXUDATE : 

bombs, 130 _—_ 

dynamite, 152d 

separate loading shell, 122p 
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Facilities, firefighting (see Ftre- 
fighting apparatus) 
Fences, 169 
Fiber containers, 100e, 111b (1), 
1110 (2), 184¢ 
Film, motion picture, 217 
Fire alarms, 16h, 22b (1) 
Fire drills, 7a (7), 20a (4) 
Fire escapes, 169 
Fire extinguishers: 
hand, 20a (8), 1656 
in operating buildings, 164r 
Firebreaks, 20e@ (11), (12), (13) 
FIRE-FIGHTING APPARATUS : 
arrangement of, 316 (2) 
deluge and drowning systems, 
1690 
extinguishers, 20a (8), 164r, 
1650 — 
fire walls, 25d 
general regulations, 21 
hydrants, 20a (17) (b) 
inspection and test, 20a (6), (7) 
operating buildings, 164r 
at operations, 20a (8) 
sprinkler systems, 1690, 172, 
192b (2) 
tank car, railroad, 20a (9), 21a 
(2) 
use, 7a (8) 
Fire-fighting forces, instructions, 
20a (3), 22 
Fire hazards, 37a 
Fire hydrants, 20a (17) (0) 
Fire marshall, 6d 
Fire prevention, 7a (9), 18, 20 
Fire protection, 7a (10), 18 
FIRES : 
black powder, 73 
bombs, 1296, 129c, 182 
boosters, 140 
causes of, 19 
chemical ammunition, 262. 270, 
276, 284 
components, loaded, 140 
detonators, 140 
fixed and semifixed ammunition, 
116 
fuzes, 140 
grass, 20a (9) 
group A chemical, 262 
group B chemical, 270 


FIRES—Continued. 


group C chemical, 276 

group D chemical, 284 

HC magazine, 284 

H. E., bulk, 83 

hexachlorethane, 284 

HS magazine, 262 

mustard, 262 

nitrocotton, wet, dry, 218f (1) 

operating buildings, 164r 

parked automobiles, 20a (19) 

phosphorus, 276 

Picric acid, 226 

primers, 140b 

pyrotechnics, 147 

reporting, 276e 

separate loading propelling 
charges, 96c 

separate loading shell, 124 

small-arms ammunition, 108 

smokeless powder, 93 


Fire walls, 25d 
FIRST AID: 


adamsite, 266a 

chemica] ammunition, general, 
251 

chlorpicrin, 2630 (4) 

diphenylchlorarsine, 266c 

general, 12 

group D chemical ammunition, 
285 

irritants, 266 

lacrimators, 266b 

lewisite, 258b 

mustard, 258a 

phosphorus burns, 278 

pulmonary irritants, 266a 

smoke (titanium tetrachloride), 
266d 

treatment, 7a (12) 


First-aid equipment: 


for chemical ammunition, 251, 
257, 273 

kits, 7a (11) 

stretchers and blankets, 12 


FIXED AND SEMIFIXED AM- 


MUNITION : 
air-testing apparatus, 114 
boxes for, 112 
computing quantities of 
explosives in, 38a (3) 
containers, 112 
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FIXED AND SEMIFIXED AM- 
MUNITION—Continued. 
distribution of, 113c 
examples of, 109a 
fires, 116 
general, 100a 
handling, 112, 117 
inspection 1156 
light mortar (see Light mortar 
ammunition) 
lots, 111c 
maintenance, 114 
marking, 111 
mixed storage, 113c 
packing, 111 
Piling and stacking, 118 
quantity-distance tables, 38c 
renovation, 115 
repacking, 114 
resoldering containers, 114 
safety precautions, 117 
salvage, 115 
semifixed, description, 1090 
shipping, 112 
storage, 113 
tests, 1160, 116c 
Fixtures, sanitary, 13c 
Flags, danger, 57n 
Flares : 
airplane, 147 
parachute, 661 
HWiash barricade, 43e¢ 
Flashlegs, nonhygroscopic powder, 
86 
Biashlight powder, 38ce (9) 
Floor openings, 169% (3) 
Floors: 
acid buildings, 170a 
black powder operations, 74e 
chemical magazines, 256 
contaminated, 261¢ 
cracks and crevices in, 24e (7), 
2196 
lead, 2196 
magazine, 24c (2), 24e (7), 26a 
(3), 81b (3), 256 
rubberoid, 264a 
Flying fragments, 19@ (5) 
Flying switch, 165¢ 
Footgear (see Safety shoea) 
Forbidden objects, Za (13), Ta (41) 
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Foreign objects: 
in clothing, 7a (18) 
in process equipment, 
1646 
FOREMEN : 
duties and responsibilities, 7a 
(32), 8, 12e, 1624 
safety rules for, 8 
Fountains, drinking, 7a (40), 13d 
Fragmentation bombs, 126a (2) 
Fragments, flying, 19@ (5) 
Frame buildings, structural dam- 
age, 87d (1) 
Fulminate of mercury. 38c¢ (10), 
215 
Furnaces, safeguarding. 19a (8) 
Fuse: 
instantaneous, 152e 
safety, 65¢, 152c 
Fuze-hole : 
keeping closed, 120, 125a, 128 
plug, 121a (2) 
FUZES: 
antitank mine, 38e (3), 154 
artillery, 134 
bomb, 38c (3), 38c (6), 134 
descriptions, 139 
destruction, 664 
detonation, 140 
fires, 140 
grenade, 88c (8), 136 
handling, 135 
magazine, 26a (5) 
maintenance, 137 
nrajor and medium base-deto- 
nating, 38c (6) 
marking, 134 
maximum permitted in maga- 
zines, 39c (1), 1364 
mechanical time, 88e (1) 
minor caliber base-detonating, 
880 (3) 
missiles, 140 
packed with bombs, 129c 
packing, 184 
painting, 135b 
point-detonating, 38c (3) 
quantity-distance tables, 38¢ (3), 
88c (6), 38c (8) 
renovation, 188 
safety precautions, 141 


report, 
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FUZES—Continued. 
Salvage, 138 
storage, 136 
tests, Aberdeen Proving Ground, 
140a 


Gas, in acid buildings, 170d 

Gas masks, 257a (1), 268h (2), 

265a 

Gauges, pressure, 172/ 

General regulations for storage, 23 

safety regulations, 7 
Glass: 
broken, protection against, 169/ 
(1) 
wire, use of, 169/, 169g, 1694 
Gloves, asbestos, leather, 252c 
Goggles, general, 7a (31) 
for protection against acid, 178f 
Grades: 
black powder, 68a, 68b 
small-arms ammunition, 102 
TNT, 76d 
Grass fires, 20a (9) 
Grenades, 155 
destruction, 66% 
fuzes, 38e (8), 136 
packing, 155d 

Grommets, rope, 119a, 119d 

Grounding static charges, Ta (48), 
19¢@ (7) 

nitrocellulose trays, a (4) 

Grounds: 

burning, 65a 
electrical, 80d 
magazine, 7a (9), 31b (1) 

Group, definition, 3n 

Grouping of buildings at establish- 
ments, 24e (2) 

Groups of chemical ammunition, A, 
246, 255-262; B, 246, 263- 
270; C, 246, 271-278; D, 246, 
279-285 

Guarding loaded trucks, etc., 165¢ 

emery wheels, 166m 

Guard protection, 15a 

GUARDS : 

arming, 16f 

for chemical magazines, 277, 280d 
duties of, 20a (2) 

explosives area, Ta (14) 
inspection, 16c¢ 


GUARDS—Continued. 
instruction of, 16b 
loaded trucks, 165¢ 
mechanical, 7a (26) 
reports, 16d 

Guncotton, 21824 


Hand grenades, 155 
HANDLING: 

acids, 178 

antitank mines, 154 

bombs, 128 

boosters, 135 

components, loaded, 185 

components, metal, 158 

detonators, 185 

explosives, general, 7a (6), 165n, 
175-244 

fixed and semifixed ammunition, 
112 , 

fuzes, 185 . 

general regulations, 7a (6) 

hasardous material, 165n, 175- 
244 

practice mines, 154 

primers, 135 

pyrotechnics, 144 

separate loading ammunition, 


120 
Separate loading propelling 
charges, 98 


Handrails, 169/ 

HAZARDOUS MATRRIALS: 
carrying in containers, 164d 
carrying on locomotives, 165¢ 
definftion, 3c 
dust of, 164e, 164m 
handling, 7a (6), 165n 
loose, 74f, 164h 
moving in operating buildings, 

1640 

HAZARDOUS OPERATIONS, Ta 
(28), 164 

Hazardous raw materials, explo- 
sives and inflammables, storage 
and handling, 175-~244 
ammonium nitrate, 191a 
black powder, 74f, 199 
carbon tetrachloride, fire ex- 

tinguisher 201b 
caustic in floors, 261c, 263e (32) 
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HAZARDS—Continued. 
combustible dunnage, 121 
concussion, 37d 
cracks and crevices in floors, 2150 
demolition bombs, 1290 
discarded process machinery, 
166e 

DNT, 38ce (12) 

drying nitrocellulose by fan sys- 
tem, 218f (4) 

dust, 74h, 950, 164¢, 164m 

empty black powder containers, 
%2o (7) 

exhaust of motors, 20a (18) 

explosion, smokeless powder, 94 

explosives, 37 

exudate, separate loading shell, 
122b 

fire, 37a 

frozen NG, 219d 

fulminate dust in exhaust sys- 
tem, 21565 

gases in acid and manufacturing 
buildings, 170b 

health, 14 

hexachlorethane, 284 

loose black powder, 74f 

missile, 37c 

nitration, 218f (2) 

parked automobiles, 20a (19) 

‘photoflash bombs, 153 

small-arms ammunition, 105a, 
108 , 

smoke, 2760 

smokeless powder, 94, 95 

solvents, 14 

spontaneous combustion, char- 
coal, 203b 

potassium Nitrate, 228) 

toxic, mercury fulminate, 2155 

Health hazards, 14 

Heated shell, 124c 

Heating appliances in magazines, 

19@ (8), 32b (7) 
manufacturing and loading 
buildings, 169c 

Hemp yarn, 214a 

Hexachlorethane, HC, 246, 2790 

HIGH EXPLOSIVES : 
ammonium nitrate, 78, 191 
ammonium picrate (explosive 

D) 380.(9), 77, 192 
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HIGH EXPLOSIVES—Continued. 
bulk, 88c (9), 76a 
containers, 80, 82 
destruction of bulk, 660 
explosive D, 380 (9), 77, 192 
fires, 88 
general, 75 
identifying data, 80 
maintenance, 82 
marking, 80 
packing, 80 
safety precautions, 84 
Storage, 24e (2) (d) 1, 8 
tetryl, 79 
TNT, 76 
Highways, public (see Public high- 
way) 
HiVel powder No. .6.5, 87e (2) 
Hoists, capacity plates on, 169m 
(1) 
Housekeeping, 7a (15) 
Humidification, 19a (7) 
Hunters, 16¢ 
Hunting, 7a (16) 
Hydrants, fire, 20a (17) (b) 
Hydrochloric acid, 179 
Hydrofluorie acid, 180 
Hydroxide, sodium, 202 
I. C. C. (see Interstate Commerce 
Commission) 
Identification : 
black powder, 69c 
bombs, 1260 
high explosives, 80 
loaded components, 1330 
lot numbers, 49 
metal components, 157c 
military explosives and ammuni- 
tion, 49c 
smokeless powder, 860 
Igloo magazines, 24a, 26a (1), 26a 
(2) 
barricaded, 43b, 43d 
temporary, 26a (2) 
Igniters : 
destruction of, 66d (2) 
packing and marking, 69 
Nlumination (see also Lighting) 
reduction of, 160f 
IMR powder, 1185, 87d (3) ; 4676, 
87d (4) 4166, 87d (5) 


tinued 


sigh- 
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Incendiary and readily inflam- 
mable chemical ammunition, 
279-285 

Incendiary bombs, 2790 

Incoming shipments, 256 

Industrial health hazards, 14 

Inflammable materials : 

buildings, 170 
storage and handling, 175-244 
Inflammable substances, 8dé 
INHABITED BUILDING : 
definition, 36a 
structural damage, 37dé (1) 
possible sites for, 36 
INJURIES : 
with chemical ammunition, 249 
reports on, 7@ (17) 
to persons on public highways, 
37d (3) 
treatment of, 7a (12) 
INSPECTION : 
black powder containers, 70b 
boats, 57d 
buildings containing compo- 
nents, 159 
cars, 57d, 164p 

* chemical ammunition, 

256e, 277, 280 
elevators, 169” (2) 


explosives and ammunition, 58, | 


59 

fire-fighting equipment, 20a (6) 

fixed ammunition, 1150 

general, 58 

guards, 160 

incendiary material, 2800 

ladders and equipment, 1691 (2) 
(e) 

lifts and fastenings, 169m (2) 

lightning protection system, 30d 

- locomotives, 165¢ 

machinery, daily, 7a (23) 

magazines, 320 (6), 277 

protective equipment, 8a (13), 
250d 

renovation and salvage opera- 
tions, 1156 

repairs to buildings or equip- 
ment, 32b (6) 

smokeless powder, 58, 59 

trucks, 7a (46) (e), 57d, 164p 


415950°—41 14 





247f, | 
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Inspectors, ammunition, 59¢ 
Bureau of Explosives, 51 
Instantaneous fuse, 162¢ 
Instruction : 
fire-fighting forces, 20a (3), 22 
training of employees, 7a (45), 
8a (4) 
guards, 160 
truck drivers, 57m 
INTRAPLANT QUANTITY-DIS- 
TANCE TABLE, 40 
Interplant transportation : 
crossing signs, 165/ 
locomotives, 165a, 165b, 165c, 
165d | 
motortrucks, 165f, 165k, 1651 
narrow-gage tracks, 1650 
standard gage tracks, 165h 
switching cars, 165e 
trestles, 165g 
Interstate Commerce Commission, 
50 
packing regulations, 25¢, 47 
IRRITANTS : 
first aid, 266 
lachrymatory, 266) 
pulmonary, 266a 
smoke, 266d 


Japans, 222 
Jointers, 167e 


Kettles, melting, 1690 (1) ; 
KEYS to gates, buildings, etc., 20a 
(15) 
carrying of, 7a (138) 
Knives, carrying of, 7a (13) 
Kits, first-aid, 7a (11), 12 


Lacquers, 222 
Lacrimators, 246, 263i, 2631, 263m, 
266b 
LADDERS : 
permanent, 1692 (1); portable, 
1692 (2) 
replacing, 1697 (2) (f) 
Landings : 
permanent ladders, 1692 (1) 
safety chutes, 169h 
stairway, 169/ 
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Laterals, supplying water from 


several directions, 20a (17) 
(d) 

Laundering special clothing, T¢ 
(18) 


Laws, State and municipal, trans- 
portation, 52 ‘ 
LAYOUT OF BXPLOSIVES 

MANUFACTURING AND 
LOADING PLANTS, 424 
Lead, in explosive D buildings, 

1926 (1) 
Lead azide, 380 (10), 210 
Lead styphanate, 211 
LBAKING AMMUNITION : 
chemical group A, 259 
detection of, 256d 
group B, 267 
group C, 174 
group D, 282 
report on, 248 
LEAKING CONTAINERS : 
chemical, 260, 268m, 274, 282 
disposal of, 260f, 267, 274, 282 
report on, 248, 260¢, 267e 
LEWISITEH: 
description, 2550 
destruction of, 2550 
detection, 2550 
first aid, 258) 
marking, 246 
protection against, 255d 
storage, 256 
symptoms of exposure to, 2550 
Life lines, 7a (88) 
Lifts and fastenings, 
169m (2) 
LIGHT AND POWER, 169e 
Lighters, electric, 7a (25), Ta (42) 
Lighting installations, 169¢ 
LIGHT MORTAR AMMUNITION : 
containers, 1110, 1130 
destruction, 66g 
lots, 111c 
marking, 1116 (1) 
storage, 113 
types, 110a, 110d 
Lightning, 220 (4) 
LIGHTNING PROTECTION SY8- 
THMS, 80 
inspection and test, 30d 


inspection, 
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LIGHTS : 
in magazines, 24e (10) 
extension, 7a (19) 
in operating buildings, 164g 
Portable, 20a (16) 
temporary, 7a (19), 57g 
Lime: 
slaked (hydrated), 178 (1) 
chloride of, 2550, 257a (5) 
storage, 228) 
LIMITING: 
cars of ammunition at receiving 
buildings, 25e 
explosives in operating buildings, 
7a (32), 8a (8) 
personnel in operating buildings, 
Ta (32) 
Line, definition, 3m 
Linseed oil, 221 
Liquids: | 
storage of volatile, 171 
inflammable, definition, 3d 
Loaded railroad cars, 45 
trucks, guarding, 165q¢ 
LOADING AND STORAGE 
CHARTS, 25, Append. II 
Loading buildings, 169 
Loading cars, in accordance with 
storage chart, Appendix II, 45e 
Loading plants, 161e 
layout, 42a 
safety organization, 1624 
Locking of: 
doors, cars, magazines, 7a (20) 
shutters, 7a (20) 
LOCOMOTIVES : 
carrying of hasardous material 
on, 7a (46), 165c 
fire extinguishers on, 1658 
inspections, 165a 
passing operating buildings, 165d 
special equipment for, 20a (14) 
use of, 1654 ’ 
in magazine area, 7a (21), 57 
Lockers, 7a (40) 
Locks, 7a (1) 
Loose black powder, 74f 
components and rounds, 318 (5), 
113d 
hazardous material, 74f, 164h 
Loss of tools, 8a (98) 
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Lot numbers, identification of mil- 
itary explosives and ammunition 
by, 49 
LOTS : 
black powder, 670 
bombs, 12606 
components, loaded, 133b, metal, 
156b 

fixed and semifixed ammunition, 
11le 

light mortar shell, 111c 

separate loading ammunition, 
1180 

separate loading propelling 
charges, 960 

small-arms ammunition, 101d 

smokeless powder, 860 

TNT, 76c 

Lunches, 7a (22) 


MACHINERY : 
inspection, 7a (23) 
protective appliances for, 166 
testing, 7a (24) 
woodworking, 167 
MAGAZINE AREA: 
block storage, 420 
care and maintenance of, 83 
definition, 3% 
new, 42c 
posting, 7a (80) 
regulations, 24 
separation into blocks, 42c 
MAGAZINES : 
above-ground, 39, 24e (2) (d) 7 
ammunition, 26a (6) 
arch type, 26a (1) 
care and maintenance, 31 
chemical, 24d (2), 252, 256, 264, 
272, 280 
components, 159b 
concrete, arch type, 26@ (1) 
construction, 24e (5), 24e (10), 
26 
definition, 3g, 31 
doors, 24e (9), 24a (5) 
dunnage in, 121d 
explosives, 26a (3) 
floors, 24d (2), 26a (3), 31b (8), 
24e (7), 256 
fuze, 26a (5) 


MAGAZINES—Continued. 


ground around, 7a (9), 318 (1) 

igloo, 24a, 26a (1), 26a (2) 

inspection, 326 (6) 

lights in, 24e (10) 

magazine to magazine distances, 
41, 430 — 

materials used in, 24e (5), 24e 
(6) 

maximum storage volume, 24d 
(1) 

nearest, 36d 

old type, 236 

Placards, 316 (6) 

primer and fuze, 26a (5) 

quantity-distance rule, 41 

regulations, 24 

repairs, 32 

separation, 41 

service, 41 

smail-arms, 26a (7) 

smokeless powder, 26a (4) 

suitability of, 24d 

temporary igloo, 26a (2) 

temperature control, 29 

types of construction, 26 


MAGNESIUM, 147, 212, 284 
MAINTENANCE: 


black powder, 71 

bombs, 130 

boosters, 137 

components, loaded, 137 

components, metal, 160 

definition, 3q¢ 

detonators, 137 

fixed and semifixed ammunition, 
114 

fuzes, 137 

general, 61a 

H. E., bulk, 82 

magazine area, 33 

Operations, 63a 

primers, 137 

propelling charges, 100 

projectiles, 122 

pyrotechnics, 146 

safety regulations for, 63 

separate loading ammunition, 
122 

separate loading propelling 
charges, 100 
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MAINTENANCE—Continued. 
small-arms ammunition, 106 
smokeless powder, 92 
storage area, 33 


Mandatory requirements, 2c 


MANUFACTURING AND LOAD- 

ING BUILDINGS : 

air conditioning, 169d 

doors, 169g 

electric light and power, 169e 

‘heating of, 1690 

Separation of, 169a 

ventilation, 169b 


MANUFACTURING AND LOAD- 
ING PLANTS, safety operating 
regulations, 161—167 

MARKING : 
general, 48, 49 
adamsite, 246 
black powder, 69 
blank ammunition for artillery, 

1500 
bombs, 127 
boosters, 134 
brombenzylcyanide, 246 
burning mixtures, 246 
chemical ammunition, 246, 254 
chloracetophenone, 246 
chlorine, 246 
chlorpicrin, 246 


chlorpicrin-stannic chloride, 246 


components, 134, 157 ‘ 

detonators, 134 

diphenylchlorarsine, 246 

fixed and semifixed ammunition, 
111 

fuzes, 134 

general, 46 

grenades, 155 

H. E. containers, 80 

hexachlorethane, 246 

lacrimators, 246 

lewisite, 246 

light mortar shell, 1118 (1) 

mustard, 246 

phosgene, 246 

primers, 134 

pyrotechnics, 148 

re-marking, 48d 

replacement of, 122a 

salvaged material, 48d 
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MARKING—Continued. 
separate loading ammunition, 
119 
separate loading propelling 
charges, 97 
single-base powders, 906 
small-arms ammunition, 103d 
small-arms powder, 900 
smokeless powder, 90b 
stannic chloride, 246 
sulfur trioxide-chlorsulfonic acid 
mixture, 246 , 
thermit, 246 
titanium tetrachloride, 246 
white phosphorus, 246 
Match: 
quick, 213 
slow, 214 
Matches, 7a (25) 
Materials, hazardous (see Hazard- 
ous materials) 
Materials in magazine construction, 
24e (5) 
Maximum amount of explosives 
permitted in magazine, 36g 
Maximum storage volume of mag- 
azines, use of, 24d (1) 
Measurements for determining 
quantities of explosives permis- 
sible, 36e 
Mechanical guards, 7a (26) 
Melting house, material, 2236 
Melting kettles, 1690 (1) 
pots, 326 (7) 
Mental examinations, 7a (29) 
Mercury fulminate, 38¢ (10), 215 
Mesh, screen and wire, 169f 
Metal components (see Components, 
metal) 
Metal dunnage, 121d 
Methyl alcohol, 186 
Midrails, 169k (3) 
Mines : 
antitank, 154 
practice, 154 
Minimum requirements for safety, 
161b 4 
MISCELLANEOUS AMMUNITION 
AND EXPLOSIVES 149-155 
Misfires, during destruction, 65m 
MISSILE DISTANCES, 3%c 
hazards, 37c, 140 
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Mixed acid, 181 
MIXED STORAGBD: 
fixed ammunition, 1180 
loaded components, 186¢ 
(see chart, Appendix IT) 
Modification of eXisting installa- 
tions, 50 
Mononitronaphthalene, 216 
Mortar ammunition (see Light 
mortar ammunition) 
Motion-picture film, 217 
MOTORTRUCK ; 
drivers, 57m 
inspection, 57? 
shipments, 55 
Motors, electric, 169e (1) 
Moving hazardous material, 1640 
Muffler, 19a (11) 
Municipal laws regarding trans- 
portation, 53 
Muriatic acid, 179 
MUSTARD (HS): 
description, 255@ 
destruction, 259 
detection of, 2566 
fire, 262 
first aid, 258a 
first-aid equipment, 257a 
257b 
marking, 246 
properties, 255¢ 
protective equipment, 257a 
removal of spilled, 261 
symptoms of exposure, 2554 


(7), 


Nailing machines, 167f 
Navigable stream, definition, 86c 
Nearest magazine, definition, 36d 
Neutralizing solution ; 
dynamite, 152d 
acids, 178i 
New depot storage areas, 42c 
New employees, 7a (27) 
Niter, 228 
NITRATE : 
ammonium, 78, 191 
barium, 195 
potassium, 228 
sodium, 68d, 232 
strontium, 235 
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Nitration : 
fire hazard, 218f (2) 
glycerin, 182 
Nitrators, 169) 
Nitric acid, 183 
Nitric oxides, 2176, 232t 
Nitrocellulose, 218 
wet, 38c (12) 
Nitrocotton, 218 
Nitroglycerin, 219 
Nitrostarch, blocks, 65g, 152d 
storage, 1520 (2) 
Nonhygroscopic powder (flashless), 
88 
Nonstandard powder, 89 


Oil, linseed, 221 
Oiling machinery, 166d 
Oily liquids from separate loading 
shell, 1226 
Old type magazine, 23b 
Opening containers, 34a (2), 57c, 
137 
Open storage, 23c 
OPERATING BUILDINGS : 
changes in, 164h 
condemned equipment in, 1641 
definition, 3/, 36f 
experiments in, 164g 
fires in, 164r 
lights in, 164q 
moving hazardous material in, 
1640 
paints, oils, in, 164k 
Tepairs in, 164h, 164i 
waste materials in, 164/ 
Ordinances, 52 
Ordnance establishment, definition, 
3a 
Organization, safety, 162 
Outgoing shipments, 25c 
Outriggers, locomotive 
169m (3) 
Overhead chains or belts, 166g 
Overseas shipments, 54 
Oxygen, 220 


PACKING : 
black powder, 69 
bombs, 127 
boosters, 134 


cranes, 
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PACKING—Continued. 
chemical ammunition, 264 
components, 134, 157 
containers, I. C. C. regulations, 

47b 
demolition bombs, 127a (3) 
detonators, 134 
double-base powders, 90a (2) 
fixed and semifixed ammunition, 
111 

fuzes, 134 
general, 46, 47 
grenadesfi 155d 
H. E., bulk, 80 
I. C. C. regulations, 47 
light mortar shell, 1116 (1) 
primers, 184 
propelling charges, 97 
pyrotechnics, 143 
separate loading ammunition, 


119 
separate loading propelling 
charges, 97 


small-arms ammunition, 103 
smokeless powder, 90 
Packing, marking, and shipping, 
general, 46—57 
Paints, 164k, 222 
Panels, for lighting process build- 
ings, 169e (2) 
Parachute flares, 661 
Parked automobiles, hazards, 20a 
(19), 1652 
Parking automobiles, 20a (19), 165p 
Passageways, pipes, tunnels, 169¢ 
Pentaerythritetetranitrate(PHIN), 
225 
Perchlorate: 
ammonium, 190 
barium, 196 
potassium, 229 
sodium, 2338 
Percussion caps, 151 
Peroxide: 
barium, 197 
strontium, 236 
Persistent vesicants, 246, 255-262 
PERSONNEL : 
character of, 7a (29) 
limits in operating buildings, 7a 
(32) 
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PERSONNEL—Continued. 

protection, 251, 257, 259b, 262, 
264, 265, 278, 281 
trained in first aid, 12d 

PETN, 225 

Phenol, storage and hazard, 223 

PHOSGENE : 
from use of carbon tetrachloride 

on fire, 2016 
leakage, 263a (4) 
marking, 246 
protective equipment, 268a (2) 
removal] of spilled, 263a (3) 
toxic effect, 263a (1) 

PHOSPHOROUS : 

white, 224a, 246, 271, 273, 274d, 
276 

fires, 276 

quantity-distance, 88c (2) 

red, 224b 

removal of spilled, 275 

Photofiash bombs, 153 
destruction, 661 

Physical examination, 7a (29) 

Picric acid, (trinitrophenol), 226 

Piles of ammunition, spacing, 39c, 

121a (6) 

PILING AND STACKING: 
special regulations, 28 
chemical ammunition, 247e 
fixed and semifixed ammunition, 

1184 
light mortar shell, 1134 
metal components, 159c 
separate loading ammunition, 
121a@ (3) 
small-arms ammunition, 105a 
smokeless powder, 91a 

Pistol powder No. 5, 87d (2) 

Placard orders, 7a@ (32), 8a (7), 9 

Placards, 7a (82), 9, S57n, 68a (4), 

10854 
magazine, 81b (6) 

Planer heads, 167b 

Plant, definition, 30 

Platforms, runways, railings, 169; 
shipping and receiving, 24/ 

Poaching process, nitrocellulose, 

218f (8) 
Pockets in uniforms, 11a 
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Poisoning, treatment and handling, 
. 126 
Portable lights, 20a@ (16) 
Port and harbor regulations, 52 
Posting magazine areas, 7a (30) 
Potassium chlorate, 227 
nitrate, 228 
perchlorate, 229 
Pots, melting, 320 (7) 
Pouches, for carrying mercury 
fulminate, 2154 
Powder bags, destruction of, 66d 
(2) — 
POWDER: 
black (see Black powder) 
Bullseye No. 2, 87e (1) 
cannon, 86 
double-base, 87e 
B. C., 87d (1) 
flashless, nonhygroscopic, 88 
flashlight, 38c (9) 
nonstandard, 89 
pistol No. 5, 87d (2) 
small-arms, 87c 
smokeless (see Smokeless pow- 


time fuze, 68c 
Powdered aluminum, 187 
POWER AND LIGHT, 169e 

alternate supply, 7a (38) 
Powerhouse installations 

equipment, 173 

Practice bombs, 126a (1) 

grenades, 155b 
Precautions, safety : 

black powder, 74 

blank ammunition, 72c 

fixed ammunition, 117 

loaded components, 141 

pyrotechnics, 148 

separate loading shell, 125 

smokeless powder, 95 
Pressure gauges, 172f 
Preventing spread of damage, prin- 
'  ‘eiples, 24e (2) (d) 1 
Primacord, Bickford fuse, 154c¢ 
PRIMERS: 

containers, 134 

destruction, 66/ 

fires, 1400 

handling, 185 


and 
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PRIMERS—Continued. 
magazine, 26a (5) 
maintenance, 137 
marking, 134 
packed with bombs, 1290 
packing, fiber containers, 134 
painting, 1350 
renovation, 138 
safety precautions, 141 
salvage, 188 
shipping, 135 
storage, 136 
Process equipment : 
discarded, 166e 
examination, 164a 
foreign objects in, 1640 
Production lines, separation of, 
1694 
Projecting heated shell into mag- 
azine, 124c 
Propagation of explosions, smoke- 
less powder, 940 
Propelling charges (see Separate 
loading propelling oharges) 
Protection of personnel, 251, 257, 
259b, 262, 264, 265, 273, 281 
PROTECTIVE APPLIANCES (see 
also Protective equipment) 
166-167 
belt shafting, 166h 
danger signs, 166k 
elevators, 169 (3) 
emery wheels, 166m 
overhead chains, belts, 1669 
responsibility for maintenance, 
8a (18) 
safety chutes, 169h 
shafting, 166/ 
state laws, 166¢ 
woodworking machinery, 167 
PROTECTIVE EQUIPMENT (see 
also Protective appliances) 
acid fumes, 7a (38) 
chemical ammunition, 250, 251, 
257, 268, 265, 273, 281 
gas masks, 257a (1), 263h (2). 
265a 
gloves, asbestos, leather, 252c 
goggles, 7a (81) (b), 178f 
inspection, 8a (13), 250d 
lifelines, 7a (38) 
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PROTECTIVE EQUIPMENT— 
Continued. 
marking, 250c 
ointment, 257a (7) 
phosgene, 263a (2) 
posting list on magazine, 2500 
replacing, 2516 
responsibility for maintenance, 
8a (18) 
white phosphorus, 273 
Protective ointment M-1, 257a (7) 
PUBLIC HIGHWAY: 
definition, 360 
injury to persons on, 37d (3) 
safety distances, 37d (3) 
PUBLIC RAILWAY? 
definition, 360 
distances, 37d (2), 42c 
Pulmonary irritants: 
first-aid, 2664 
oedema, 268a (1), 263b (1) 
rurpose of manual, 1 
Pyrocotton, 2186 
Pyro powder, 88a 
PYROTECHNICS, 142-148 
classes, 142a 
computing quantities of explo- 
sives, 38a 
containers, flare, 143, 145 
description, 142a 
destruction, 662 
fires, 147 
flares, 661, 147 
general, 142¢ 
handling, 144 
lots, 1420 
maintenance, 146 
marking, 143 
packing, 143 
quantity-distance, 38¢ (2) 
renovation, 146 
safety precautions, 148 
shipping, 144 
storage, 145 
Pyroxylin, 218c 


Quantity, maximum permitted in 
magazine, 36g 
QUANTITY-DISTANCE RE- 
QUIREMENTS : 
barricades, 43 
basis of, 37 
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QUANTITY-DISTANCE RE- 

QUIREMENTS—Continued. 

data used, 35b 

hazards considered, 37, 37b, 37c, 
37d 

layout of plants, 42 

magazine blocks, 420 

new depot storage areas, 42c 

railroad cars, 87d (2), 45 

railroad classification yards, 426 

service magazines, 41 

special area, 42 

substantia] dividing wall, 44 

trucks, 45d 

QUANTITY-DISTANCE TABLES 

FOR MILITARY EPLOSIVES 
AND AMMUNITION : 

adapters and boosters, 38c (6) 

ammonium nitrate, 88¢ (12) 

antitank mines, 880 (10) 

antitank mine fuzes, 380 (3) 

black powder, 38c (9) 

blank ammunition, 380 (4) 

blasting caps, 380 (8) 

bomb fuzes, 380 (6) 

bulk high explosives, 38c (9) 

bulk initiating explosives, 38c 
(9) 

bulk low explosives, 380 (9) 

bulk priming explosives, 88c (9) 

bursters, 38ce (6) 

chemical ammunition, 380 (2). 
88ce (11) 

demolition blocks, 38¢ (9) 

demolition bombs, 380 (10) 

detonators, 38e (8) 

DNT, 38c (12) 

explosive D in bulk, 38¢ (9) 

explosive D in shell, 38¢ (5) 

fixed and semifixed H. E. shell, 
380 (4) . 

flashlight powder, 380 (9) 

fragmentation bombs in metal 
crates, 38c (10), in wooden 
crates, 38c (4) 

grenades, 38ce (4) 

grenade fuzes, 38e (8) 

intraplant, 40 

light mortar ammunition, 38¢ 
(4) 

loaded shell, 38e (7) 

magazine to magazine, 41 
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QUANTITY-DISTANCE TABLES, 

ETC.—Continued. 

major and medium base-detonat- 
ing fuzes, 38ce (6) 

mechanical time fuzes, 38ce (3) 

minor caliber base-detonating 
fuzes, 38c¢ (3) 

phosphorus, 38¢ (2) 

photoflash bombs, 38e (10) 

point-detonating fuzes, 88c (3) 

powder train, 38e (8) 

primers, 38c (8) 

primer-detonators for bombs, 38c 
(8) 

pyrotechnics, 880 (2) 

separate loading shell with ex- 
plosive D, 38c (5) 

separate loading shell without 
explosive D, 38c (7) 

shrapnel, 38c (4) 

small-arms ammunition, 38c (1) 

smokeless powder, 38c (2) 

spotting charges, 38c (9) 

tetryl, 38e (9) 

TNT, 38c (9) 

wet nitrocellulose, 38c¢ (12) 


Rail clamps, locomotive cranes, 
169m (3) 
Rail shipments, 53 
Railings, runways, platforms, 169k 
RAILROAD CARS: 
figured at full hazard, 45c 
inspection, 164p 
loaded, alongside 
building, 45 
loading with explosives or am- 
munition, 45¢ 
separation of, 456 
record of numbers, 57k 
spotting between magazines, 45d, 
165d 
structural damage distances, 37d 
(2) 
used for shipments in storage 
area, 45¢ 
Railroad classification yards, 42c 
Railroad crossing, opening between 
rails, signs, 7a (35), 165f 
Railroad equipment: 
damage to, 37d (2) 


operating 
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Railroad equipment—Con. 
tracks, narrow gage, 1650 
standard gage, 165h 
trestles, 165g 
two-way exit, 7a (34) 

Railway, public (see Public rail- 
way) 
Ramps, for safety doors, 169g (2) 
Raw materials, storage, handling 

and hazards, 175-244 

Receiving buildings, 25 

Receptacles for waste material, 7a 
(15) 

Reconditioning, definition (see also 
Renovation), 3r, 61a, 61b, 42e 

Red phosphorus, 22406 

Refrigeration plants, 174 

Regulations ; 
assembling blank ammunition 

and saluting charges, 72c 
destruction of explosives and am- 
munition, 65 
exemptions, 50 
extracts of, Ta (45) (0) 
I. C. C., 47-57 
Magazine areas, 24 
maintenance and salvage, 63 

Re-marking : 
containers, components, 48d 
separate loading shell, 122a 

Removal of spilled material: _ 
adamsite, 263g 
black powder, 74g 
chloracetophenone, 263% 
chlorpicrin, 263b (3) 
group B, toxics, irritants, smoke, 

269 
group D, chemical, 283 
mustard, 261 
phosgene, 263@ (3) 
phosphorus, 275 
smokeless powder, 95b 
titanium tetrachloride, 263h 

RENOVATION : , 
bombs, 131 
boosters, 138 
components, loaded, 1388; metal, 

160 ; 
contract establishments, 115b . 
definition, 3s, 61a 
detonators, 138 
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RENOVATION—Continued. 
fixed and semifixed ammunition, 
115 
fuses, 188 
hazards, 19a (3) 
inspection of operations, 115b 
primers, 138 
pyrotechnics, 146 
separate loading shell, 128 
Renovation plant, lay-out and con- 
struction, 68a (8), 42¢ 
Repacking : 
containers for fixed and semi- 
fixed ammunition, 106 
metal containers, 92c 
separate loading propelling 
charges, 100 
small-arms ammunition, 106 
smokeless powder, 92c 
Repainting: 
containers, 48d, 61b, 71a, 1004, 
114, 187 
separate loading shell, 122c 
Repairing damaged containers, 92, 
100, 114, 187 
REPAIRS to buildings or equip- 
ment, 7a (86), 8a (11) 
inspection of, 32b (6) 
ladders, 1691 (2) (0) 
magazines, 32 
_ operating buildings, 164h, 164i 
REPORTS : 
commanding officer, 6b 
damaged containers, 270 
damaged shipment, 57b 
fire in magazine, 276¢ 
foreign objects in process mate- 
rial, 164d 
foreman, 8a (5) 
guards, 16d 
injuries to personnel, 7a (17), 
249 


leaking chemical ammunition, 
248, 260¢e 

lightning protection systems, 30d 
Requests of employees, 8a (16) 
Requirements, mandatory, 2¢ (1) 
RESERVED AREAS, 17 
Resident safety engineer, duties, 

168 
Respirators for use with acids, 178f 
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RESPONSIBILITIES FOR 
SAFETY, 6 
Chief of Ordnance, 6a 
commanding officer, 68, 1158 
employees, 6e, Ta (23) 
fire marshal, 6d 
foremen, 7a (82) (b), 8, 12¢ 
safety engineer, 163 
safety officer, Go 
trained employees, 6e 
Restricted area, 17 
Rifle grenade, 155 
Rifles, arming guards with, 16f 
Risks involved in storage, 24e (2) 
(0) 
Roads, 24e (8) ; dead end, 7a (37) 
Rope grommets, 1194, 119d 
Rounds, loose, 31b (5), 1138 
Rubberoid floors, 264a 
Rules for fire prevention, 20 
Rules for foremen, 8 
Runways, platforms, railings, 169% 
Rust removal, separate loading 
shell, 122 


Safety appliances (see Protective 
appliances) 
Safety board, 162 
Safety chutes, 169g (2), 169h 
Safety doors, 1699 
Safety engineer, resident, 6c, 162a, 
163 
Safety equipment (see Protective 
equipment) 
Safety fuse, 65e 
Safety officer, 6c, 1624 
SAFETY OPERATING REGULA- 
TIONS FOR MANUFACTURING 
AND LOADING PLANTS, 161- 
167 
Safety organization, 162 
SAFETY PRECAUTIONS : 
boosters, 141 
components, 141 
detonators, 141 
fixed ammunition, 117 
fuzes, 141 
high explosives, 84 
primers, 141 
pyrotechnics, 148 
separate loading shell, 125 
smokeless powder, 95 
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SAFETY REGULATIONS : 

assembling blank ammunition 
and saluting charges, 72c 

destruction of explosives and am- 
munition, 65 

enforcement of, 6c, 66 

for foremen, 8 

general, 7 

maintenance and salvage, 68 

salvage, 63 

separate loading propelling 
charges, 960 

shipments, 57 

storage, 34 


SAFHTY SHOES, general, 7a (39), 
lldé 
black powder, 74d 
high explosives, 8&4 
operating buildings, 1648 
picric acid, 226d 
smokeless powder, 95c 
Safety signs and placards, 9 
SAFETY STANDARDS FOR MAN- 
UFACTURING AND LOADING 
BUILDINGS, 168-174 
Safety tools, 7a (44), 10, 82b (2), 
74c, 84, 950, 100a 
Saltpeter, 228 
Salt tablets, 13¢ 
Saluting charges, assembly of, 72 
SALVAGE, general, 62, 63 
boosters, 138 
bombs, 131 
components, loaded, 138 
at contract establishments, 115) 
definition, 62a 
detonators, 188 
fixed and semifixed ammunition, 
115 
fuzes, 138 
primers, 138 
safety regulations, 68 
separate loading shell, 123 
small-arms ammunition, 107 
Salvaged material, marking, 48d 
Sanders, 167e 
Sanitary fixtures, 1360 
Sanitation, 7a¢ (40), 18 
Saws, circular, 167d 
Seope of manual, 2 
Scrap metal, 166¢ 
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Screen and wire mesh, 169f 
Sealing railway cars, Ta (20) (bd) 
Searches, 7a (41) 
Sections, magazine area, 24e (2) 
Segregation of explosives and com- 
ponents 165m, Appendix II 
Semifixed ammunition, definition, 
108b (see Fiwed and semiftwed 
ammunition) 
SEPARATE LOADING AMMUNI- 
TION: 
bourrelet, 120 
caps, loosening, 120 
computing explosives content, 
88a 
destruction, 66e 
distances between piles of shell, 
121b : 
exudate, 120, 122d 
fires, 124 
general, 1184 
handling, 120 
identity, 1180 
lots, 1180 
maintenance, 122 
marking and painting, 119c 
methods of shipping, 1190 
oily liquids, 122b 
packing, 119 
painting and marking, 119¢e 
piling and stacking, 121la (8) 
projectiles, types, methods of 
shipping, 1186, 119d 
quantity-distances, 88c (5), 38c 
(7) : 
removing rust, 122¢ 
re-marking, repainting, 122a 
renovation, 123 
repainting, 122c 
rotating band, protecting, 120 
safety precautions, 125 


salvage, 128; shipping, 120, 

storage, 121 

tests, Aberdeen Proving Ground, 
1213, o 


SEPARATH LOADING PROPEL- 
LING CHARGES : 
air-testing containers, 100a 
containers, 97 
damaged, 96c 
destruction, 66d 
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SEPARATE LOADING PROPEL- 
LING CHARGDS—Continued. 
fires, 96c 
general, 96¢ 
handling, 98 
identification, 97d 
ignition charges, 96a 
lots, 960 
maintenance, 100 
marking, 97 
packing, 97 
painting container, 970 
repacking, 100a 
safety precautions, regulations, 
96c 
shipping, 98 
storage, 99 : 
Separate rooms, buildings consid- 
ered as, 40c 
cars of loaded ammunition, 45a 
Separation of buildings, 40, 169a 
at less than safety distances, 40c 
magazines, 41 
piles of ammunition within 
magazines, 39c, 121a (6) 
production lines, 169a 
railroad cars, 450 
sub-buildings, 40d 
within magazines or buildings, 
89 
Service magazine, definition, 31 
Sewer system, 13c, 13/ 
Shafting, belt, 166h; guards for, 
1667, g 
Shapers, 167e 
Shell, artillery, destruction of, 66e 
Shields, safety, 7a (31) (0) 
Shift, changing, 8a (12) 
SHIPMENTS, 50-57 
damaged, report on, 570 
incoming, 256 
motortruck, 55 
outgoing, 250 
overseas, 54 
rail, 53 
safety regulations, 57 
water, 54 
SHIPPING : 
black powder, 70 
bombs, 127a (8), 128 
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SHIPPING—Continued. 

boosters, 135 

chemical ammunition, 254 

components, loaded, 135 

components, metal, 158 

deteriorated smokeless powder, 
85d 

fixed and semifixed ammunition, 
112 

fuzes, 135 

general, 46 

light mortar ammunition, 112 

practice mines, 154 

primer-detonators, 128 

primers, 185 

pyrotechnics, 144 

salvaged smokeless powder, 85d 

semifixed ammunition, 109c 

separate loading ammunition, 
120 


separate loading propelling 
charges, 98 
smokeless powder, 85d 
special requirements, 56 
Shipping and receiving buildings, 
24f, 25 
limiting cars of explosives at, 
256 
Shoes, cleaning, 7a (39) 
safety (see Safety shoes) 
Shrapnel, 38¢(4) 
Shutdown, conditions for, 7a(4), 
8a (12), 220 (4) 
Signs, danger, 166k 
chemical magazines, 252 
explosives area, 7a (30) 
magazines, 7a (30) 
railroad crossings, 7@ (35), 165f 


Single-base powders, 87d 
containers, standard, 90a (1) 
marking, 90b 
packing, 90a 

Siren, 7a (7) 

Skylights, 169f (3) 

SMALL-ARMS AMMUNITION: 
boxes, 103a, b 
containers, 108a, 1036 
description, 101a 
destruction, 66h 
examination, 104d 
fires, 108 
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SMALL-ARMS AMMUNITION— 
Continued. 

grades, 102 
handling, 104 
hazards, 105a, 108 
lots, 1016, 106c 
magazine, 26a(7) 
maintenance, 106 
marking, 10306 
packing, 103 
painting, 108b 
piling, 105 
powder, 87 
quantity-distance, 380(1) 
reclaimed, 106c 
repacking, 106 
salvage, 107 
shipping, 104 

' gtorage, 105 
tests, 10206 


SMALL-ARMS POWDER, 87 
classes and kinds, 87c, 87d, 87e 
containers, 90 
hazards, 87a 
marking, 906 
packing, 900 
uses, 870, 87¢, 87d, 876 


Smoke-producing agents, 
263h, 263k, 266d 
hazards, 2766 


SMOKELESS POWDER : 
cannon, 86 
computing quantities, 38a(1) 
containers, 90, 92 
description sheets, 866 
destruction, 66c 
deteriorated, 85d 
explosion hazards, 94, 95 
fires, 93 
flashless, 88 
general, 85 
handling, 91d 
hazards, 94, 95 
inspection, 58, 59 
lots, 860 
magazine, 26a(4) 
maintenance, 92 
marking, 9006 
nonstandard, 89 
packing, 90 
piling and stacking, 9le 


246, 
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SMOKELESS POWDER—Con. 
properties, 85, 280e 
pulverized, 230a 
quantity - distance, 

38a (2) 
repacking, 92c 
repairing containers, 92d 
safety precautions, 95 
shipping, 85d 
small-arms, 87 
SMall grain, 2463 
Spilled, 95d 
Storage, 91, 2800, at inhabited 

building distances, 24e (2) 
(d@) la 
tests, 60 

SMOKING, 7a(42) 
areas, 7a (42) 

Smoke-puff charges, 151 

Soda ash, 1714(2) 

Soda : 
bicarbonate of, 1784(8) 
caustic, 202, 2555 

Sodium bicarbonate: 
solution, 1784(3), 2756 
bichromate, destroy lead aside, 

2100 
chlorate, 281 
hydroxide, 202 
nitrate, 232 
nitrate black powder, 68d 
perchlorate, 233 
Silicate, for magazine floors, 

256a 

Sodium thiosulphate, 210d 

Soldering, 24f, 320(4) 

Solvents, hazards of, 14 

Spacing piles of ammunition, 39c, 

121¢a 

Spacing shel], 121a(4) 

Spark arresters, 20a(14) 

Spark-proof mastic, 26a(3) 

Sparks, 19a(6), 320(7) 

Special area distances, 42 

Special clothing, 7a(18), 11, 164e 

Special equipment for chemical am- 

munition, 250, 257, 265, 273, 
281 (see also Protective equip- 
ment) 
locomotives, 20a(14) 
Special fire-prevention rules, 20 
Special shipping requirements, 57 


containers, 
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Spectacles, 7¢(31) (b) 

Spent acid, 171a 

Spilled material (see Removal of 
spilled matertal) 

Spontaneously inflammable, chem- 
ical ammunition, 271-278 

Spotting cars or trucks containing 
explosives, 45d 


Spotting charges for practice 
bombs, 1276 

Spotting railroad cars. 45a(1), 
165d 

Spread of damage, preventing, 
24d (2) dil 


Sprinklers, open head. 172b(2) 
SPRINKLER SYSTEMS, 172 
deluge and drowning, 1690 
for explosive D_ operations, 
1920(2) 
Stability tests of smokeless powder, 
60 
Stacking explosives and ammuni- 
tion, 28 
Stairs, fire escape, 169i(3) 
Stairways, 169/ 
Standard Nomenclature List, 1196 
Standards, safety, for manufactur- 
ing and _ loading buildings, 
168-174 
Stannic chloride, 246, 263d 
State and municipal laws on trans- 
portation, 52 
STATIC ELECTRICITY, 7a(48), 
19a (7) 
nitrocellulose trays, 218f (4) 
Staying and bracing equipment, 53 
Stenciling containers, 7a(28) 
at shipping and receiving build- 
ings, 24f ‘ 
STORAGE : 
acids, 171, 178 
adapters (see Boosters) 
ammonium nitrate, 78b, 191d 
ammonium pictrate (explosive 
D), 77%c, 192a 
black powder, 70 
biasting caps, 152c 
blocks of magazines, 42c 
bombs, 24e (2) (d) tb, 129 
boosters, 186 
bulk high eplosives, 24e (2) (d) 
lb, 81 
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STORAGH—Continued. 


carboys, acid, 178 

chemical ammunition, 24d (2); 
general rules, 247 

components, 186, 159 

containers, 34 

crates, wood, 99a 

detonators, 136 

DNT, 88¢ (12) 

dynamite, 152d 

exemptions from new regulations 
for, 236 

explosive D, 77c, 1924 

fixed and semifixed ammunition. 
113 

fuzes, 136 

general regulations for, 23 

group A, chemical fillings, 256 

group B, chemical fillings, 264 

group C, chemical fillings, 272, D. 
280a 

high explosives, 81 

lewisite, 256 

light mortar ammunition, 113 


- liquids, volatile, 171 


metal components, 159 

Mixed, 118c, 1364 

nitrostarch, 152b (2) 

old type magazines, complying 
with spirit of regulations, 23b 

open, outdoor, 23c, 247e, 247g 

phosphorus, 272 

piling and stacking components, 
159¢ 

practice mines, 154 

primers, 136 

pyrotechnics, 145 

risks and hazards involved, 24e 
(2) (c) 

safety fuse, 152c 

safety regulations, 34 

semifixed ammunition, 109c 

separate loading ammunition, 
121 

separate loading 
charges, 99 

small-arms ammunition, 105 

smokeless powder, 91, 230b 

special instructions, 88d 

temporary, 25d 

TNT. 75, 76a 


propelling 
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STORAGH—Continued. 
volatile liquids, 171 
white phosphorus, 272 
STORAGE AND HANDLING OF 
HAZARDOUS RAW MATERI- 
ALS, EXPLOSIVES AND IN- 
FLAMMABLES, 175-244 
STORAGE ARBAS: 
blocks of magazines, 42c 
care and maintenance, 83 
definition, 3 
new, 420 
regulations, 24 
separation, 42c 
STORAGH CHART, Appendix II, 
I. C. C., 25 
Storehouses, 24d (2) (a) | 
Storing together, 35c, Appendix II 
Storms, electrical, 7a (4) 
Straight nitrocellulose type pow- 
ders, 87d 
Stretchers, 120 
Strontium chlorate, 234 
nitrate, 235 
peroxide, 236 
STRUCTURAL DAMAGB, defini- 
tion, 87d (1) 
brick or stone building, 87d (1) 
(a) 
frame building, 37d (1) (b) 
inhabited buildings, 37d (1) 
railroad equipment, 87d (2) 
Sub-buildings, within operating 
line, 40d 
Substantial damage, 87d (1) 
Substantial dividing wall, 25d, 44 
Suggestions, 8a (16) 
Suitability of magazine, 24d 
Sulfur trioxide-chlorsulfonie acid 
mixture, 246, 268k 
Sulphenating process, 228b 
Sulphuric acid, 178g, 184 
SURVEILLANCE : 
definition, 8p, 59 
fiashless, nonhygroscopic, 88b 
general, 59 
nonstandard powder, 89 
tests of smokeless powder, 60 
Switching cars, 165¢ 
Sympathetic detonation, definition, 
37b , 
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Tables, quantity-distance (see 
Quantity-distance tables) 
Tagging exuding shell, 122d 
Tale, 2120 
Tank cars, 20a (9), 21a (2) 
trailers, 20a (9), 21a (2) 
trucks, 20a (9), 214 (2) 
Tanks ;: 
drowning, 164/f 
storage of volatile liquids and 
acids, 1714 
Temperature control, magazines, 
Temporary lights, 7a (19), 57g 
magazines (igloo), 26a (2) 
storage, 25d 
Terminals, lighting, 306 


TESTS : 
containers, 100a 
fixed ammunition, Aberdeen 
Proving Ground, 1160 
fuzes, 140 


lightning protection system, 80d 
machinery, 7a (24) 
operating buildings, 164g 
separate loading shell, A. P. G., 
121b 
small-arms ammunition, 102b 
sprinklers systems, 172 
stability of smokeless powder, 60 
Tetrachloride : 
carbon, 201 
titanium, 246, 263h, 266d 
Tetryl: 
electric blasting caps, 152c 
lots, 79d 
properties, 79a 
uses, 79b 
Thermit, 288, 246, 279a 
Time fuze powder, 68e 
Titanium tetrachloride (smoke) 
246, 263h 
first aid, 266d, 
TNT (trinitrotoluene) : 
blocks for demolition, 65g 
bulk, 880 (9), 76a 
characteristics, 76a 
grades, 76d 
lots, 760 
storage, 75, 76a 
uses, 763 
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Toe boards, 169k (3) 
Toilet, facilities, 7a (40) 
Toluene, 239 
Tool board, 8a (9) 
Tools: 
accounting for, 164i 
checking in, Ta (44) (b) 
loss of, 8a (9) 
safety, 7a (44) (a@),10, 320 (2), 
740, 84, 950, 100a 
used in hazardous material, 164n 
Torches, blow, 320 (4) 
Toxic irritants and smoke, 246. 
263-270 
Tracks : 
clearances, 165h, 1650 
narrow gage, 1650 
standard gage, 165k 
Training employees, 7a (45). 8 
Training grenades, 155c 
Tramcars, 1654 
Transmission lines, 19a (10) 
TRANSPORTATION :. 
Bureau of Explosives, 51 
contracts, 556 
general regulations, 7a (46) 
Interstate Commerce Commission 
regulations, 47—57 
intraplant, 165 
motortruck, 55 
port and harbor regulations, 52 
rail shipments, 53 
safety regulations for shipments, 
57 
special shipping requirements, 56 
State and municipal laws, 52 
water, 54 
Treatment, first-aid, 7a (12) 
Trespagsers, 16% 
Trestles, 165g 
Tridite, 240 
Trimonite, 241 
Trinitrobenzene, 242. 
Trinitrotoluene (see TNT) 
Truck shipments, 55 
Trucks : 
inspection, 7a (46) (e), 57d, 571 
164p 
drivers, 57m 
quantity-distance, 45d 
spotting, 45d . 
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Tunnels, 
169¢ 
Turpentine, 243 
Two-way exit, railroad, 7a (34) 
Types of magazine construction, 26 
Uniforms, 11 
buttons on, lle 
laundering, 7a (18) 
pockets in, lla 
Unloading cars, 165d 
Unsafe conditions, correcting, re- 
porting, 7a (47) 


for pipes, passageways, 


Valves, cut off, 172d 
sprinkler system, 172e 
Varnishes, 222 
Vaults: , 
earth-covered, for volatile li- 
quids, 171a; frostproof, for 
mercury 
fulminate, 215a 
Vegetation, 20a (10) 
Ventilation, 169b 
Vesicants, persistent, 246, 255-262 
Vitriol, oil of, 184 


Walls, dividing (see Dividing 
walls ) 

Warehouses, 26a (7) 

Washers, 169p 


Washes, neutralizing, 178% 

Washrooms, 7a (40) 

Waste acid, 182 

WASTE MATERIAL: 
disposal of, 164/ 
receptacles for, 7a (15) 

Waste, industrial, 137 

Waste, oily, 164k 

Waste water, containing explosives, 
13f 

Water lines, mains, location in 
new layouts, 20a (17) (a) 

Water shipments, 54 

Water supply, 20a (17) (a) 
sprinkler systems, 172g 

Wet nitrocellulose, 38¢ (12) 

Wet pipe sprinkler system, 172b (1) 

White phosphorus, marking, 246 
burns, treatment of, 278 
destruction, 274 
first-aid equipment, 273 
properties, 271 
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White phosphorus—Continued. Woodworking machinery, 167 
protective equipment, 273 Working alone, 7a (47) (b) 
storage, 272 Working conditions, 8a (15) 

Windows, in‘ explosives areas, 169f | Wringing process, nitrocotton, 218f 

WIRBGLASS, in windows, 169/ (3) 
doors, 169g (1) 
fire escapes, 169i (1), (2) Xylene, 244 

Wire mesh, 169/ 

Wire netting, 160/ Yards, railroad classification, 42b 
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